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1. African Army worm (Spodoptera exempta) 

· Order—Lepidoptera

· family—Noctuidae

1.1 Host plants:- The most important cereal crops attacked by army worm in Ethiopia include, Maize, Sorghum, Millet, Wheat, Teff, Barley, Rice and as alternate hosts different grasses and sugar cane. The range of host plants is restricted to cereals and different grasses (including pasture and wild grasses). 
1.2 Life cycle / Biology and Recognition: – the army worm has four stages of development with complete metamorphosis. These are the adult moth, the egg, larva and pupa. The life cycle of armyworm depending on environmental conditions might take 2-5 days for egg, 11-24 days for larva, 7-12 days for pupa and 2-13 days for moth (pre-oviposition period). Generally, the life cycle takes between 22 and 54 days with an average of 37 days. 

Egg:- the eggs are laid in groups of 100-400. A female lays several egg masses until a total of up to more than 1000 eggs. The eggs are laid in single or multi layers on the leaves. They are covered with black hair scales. The individual eggs are conical, with slightly rounded apex. Each egg is about 0.5 mm in diameter and is yellowish (or pale yellow) in color when newly laid. As the eggs develop, they darken until just before hatch. Hatching takes place, after 2-5 days. 

Larva :- Translucent larvae, which have black head capsules, feed on their egg shell for about one hour before spinning silken threads on which they are dispersed by the wind. There are six larval instars. On hatching the larvae are colorless or whitish. They have black heads. As they feed the colour becomes green. During the first three instars the caterpillars remain green. After this they turn black when there are many caterpillars together (gregarious form) or they will remain in various shades of green or brown when there are only few caterpillars together (solitary form). In a typical army-worm outbreak the caterpillars are velvety black on top with pale lines on each side. The underside of the body is green or greenish yellow. There is a pale stripe along the top of the body. The caterpillars do not have obvious hairs. The head is shiny black and shows a v-shaped white mark. The upper side of the first segment behind the head is black and has three narrow white stripes. A fully-grown Caterpillar is 25-35mm (aver .30mm) long. The larval stages take 11-24 days. 
Pupa: -During pupation if there is rain (the soil is dump or moist) the mature caterpillars burrow in to the soil (underground) and pupate in constructed silk lined chambers 2-3 cm below the surface. The pupa is deep red brown or brown or black in colour. It is about 17mm long. The pupal stage may last 7-12 days depending on the environment. 

Adult (moth) :– the adult is a grey-brown night-flying moth. Both sexes have white hind wings with dark veins running through them. The fore wings show an overall dull grey-brown appearance. They have two spots. The inner (orbicular) spot is elongate and pale. The outer (reniform) spot is kidney-shaped and more clearly visible in males than in females. The wing span is 25-35 mm for males and 22-37 mm for females. 

1.4 Damage symptoms and pattern – newly hatched larvae are only capable of feeding on the young leaves of their host plant. They do so by rasping the epidermis and the effect of feeding by the young larvae is skeletonization of the leaf of the food plant, making a pattern on the leaves descriptively termed << Windowing >>. The older stages of the caterpillars devour the leaves of their hosts completely or leave only the midrib. 

1.5. Outbreaks and Migration ፡- Outbreak describes the sudden appearance and the explosive increase in numbers of the armyworm larvae. There are two outbreak conditions. These are:- 

· A primary outbreak which is an outbreak derived from low-density populations and it is believed to be from the low-density populations of solitarious larvae and 

· A secondary outbreak which is an outbreak derives from earlier out break and successive outbreaks. 

Primary outbreak most often occurs in central Tanzania and coastal areas of Kenya and these first outbreak which initiate the onset and spread of subsequent secondary outbreaks throughout eastern Africa as far to Yemen. The army worm moths are able to travel hundreds of K.ms down wind during the hours of darkness. Also, the generation of army worm produced monthly show a gradual north ward movement following the trend of the long rains. 

1.6 Army worm forecasting: – There are two basic types of traps being in use for forecasting army worm moths. These are light traps and pheromone traps. Light traps have been widely in use in the last two decades, but it has several disadvantages. On the other hand pheromone trap is advantageous by:- 
· simple for use, 

· donot require electricity and 

· generally, catch only male army worm moths. 

1.7 Control/management measures 
· Traditional control: – Methods practiced by farmers include:- 

· Digging small trenches between the adjacent infested crop field and hitting the larvae with branches, twigs of trees of bushes inside the trenches. 

· Moving herds of cattle on infested grass land (pasture).

· Collecting larvae and put them in the trench and cover them with soil. 

· Biological Control

· Chemical Control

The following chemicals can be used. 

· Malathion ( Ethiolathian ) 50% EC 2 lit/ha

· “                   “             95% ULV 1.25-1.5 lit/ha

· Fenitrothion ( sumithion ) 50% E.C 1.3 lit/ha

· “                    “           96% ULV  1lit/ha

· Carbaryl ( Sevin ) 85% Wp 1.2—1.5 Kg/ha

· Cypermethrin 5% E.C or 6% E.C 1.0 lit/ha

· “              2.5% ULV  1.0 lit/ha

· Trichiorophon 50% EC  1.0 lit/ha

· “                80% WP   1.0 Kg/ha

2. Stalk borer

There are four stem borers of cereals, sugar cane and other wild hosts recorded in Ethiopia. These include maize stalk borer (Busseola fusca), pink stalk borer (Sesamia calamistis), spotted stalk borer (Chilo partellus) and Sesamia cretica. From all, maize stalk borer is the most serious pests of cereals in Ethiopia.

2.1. Maize stalk borer ( Busseola fusca ) 
           Order—Lepidoptera

            Family—Noctuidae

2.1.1. Host plants: - The maize stalk borer is a major pests of maize and

         sorghum. Most stalk borer alternatively attack other cereals, many

         species of grasses and sugar cane. 

2.13. Life cycle/Biology and morphology 

The Adult emerges from pupae in the late afternoon and early evening and are active at night. During the day they rest on plants and plant debris and are seldom seen unless disturbed. During the 3-4 nights following emergence, females lay eggs in batches of 30-100 under the inner surfaces of leaf sheaths, a single moth may lay a total of 200-400 eggs. The larvae hatched about 10-15 days later, the incubation period varying according to temperature and relative humidity (the increment of both, decrease the incubation period). Hatched larvae initially disperse over plants before they enter the leaf whorls and start to feed on leaves. Once established in their host plants, they bore into stem of the plant and cause dead hearts. The larvae feed inside the stem until it gets mature. The whole larval period may lasts in 35 to 60 days. They then pupate in the tunnels, often after excavating emergence windows to facilitate the exit of adult moths. The adults emerge 15-20 days after pupation. During dry and/or cold weather, larvae enter a diapause of 6 months or more in stems, stubble, and other plant residues before pupating during the next favorable period. 

Egg – The eggs are hemispherical or globular and about 1mm in diameter. They are white first, but they turn darker when they get older.

Larvae – The fully grown caterpillars measure 35 to 40 mm in length. Their color varies from light or dark violet to pinkish-white; also young larvae are deep purple or black in color. Along the sides of the body are rows of small black spots. The head is dark brown and the pro-thorax is yellowish-brown.

Pupae- pupae are brown or dark brown or shiny yellow-brown in color, but their colour may varies with location and its length is about 18-25 mm long.

Adult- Adult moths are seldom seen in farmers’ fields as they are inactive during day light and are cryptically coloured. The adult wingspan is about 20-40 mm, with females generally larger than male. The forewings are reddish brown with dark markings, the hind wings whitish to greyish-brown. There is much seasonal and geographic variation; moths developing in colder, wetter conditions tend to be darker in color.


2.1.4 Damage symptoms- the newly hatched caterpillars feed on tender leaves of the host plants initially by scrapping in leaf whorls of growing plants. The fully developed leaves show irregular << pinholes >> (holes) and windows caused by the feeding effect of the larvae.   The developed larvae bore into the stems and may kill the central leaves and growing points, producing dead hearts. Also in maize the caterpillars bore in to the maize cobs and feed on the developing grains. Early attacked plants are stunted in growth (have poor growth), reduced yield and are more susceptible to wind damage and secondary infection.
2.1.5 Control/management measures for stalk borer
· Cultural control

· Destruction or appropriate disposal of crop residues (all dried stalks must be removed and burnt after harvest). 

· Early sowing and simultaneous sowing over a large area prevent population build-up.

· Eradication of the alternative hosts and volunteer crop plant

· Horizontal laying of maize or sorghum stem on direct sun light to destroy the larvae and can be used for construction. 

· Crop rotation: - rotating maize or sorghum with leguminous or root crops will help to reduce the stem borer population build up.

· Fertilizer application.

· Tillage

· Inter cropping
· Host-plant resistance

· A wide range of mechanisms were involved in stem borer resistance in maize and sorghum, including non-preference for oviposition, reduced feeding, reduced tunneling & tolerance of plants to leaf damages, dead heart and stem tunneling.

· Biological control

Biological control measures applied by using naturally occurring bio control agents such as parasites, parasitoids, predators and disease, includes 

· Parasitoids such as Trichogramma sp. (egg) 

· Parasites such as Braconid wasp. ( as larval parasites)

· Disease such as Bacillus thuringiensis

· Botanical control

Using botanical extracts (act as repellent or phagodeterrent or may kill the pest directly) to protect crops from the attacks of pests. This includes .

· Using neem extractions.

· Application of cow or cattle dung and urine

· Application of wood ashes, etc.

· Pheromonal control 

The female sex pheromone can be used for population monitoring and control by mass trapping and mating disruption.

· Chemical control

Chemical control is as last alternatives. If more than 5% of the plants show leaf damage, chemical control may be carried out. Insecticides, which have been found effective as sprays or granules or dusts are carbofuran, Diazinon, Carbaryl, Fenitrothion, Endosulfan 35% EC, synthetic Pyrethroids, Cypermethrin 10% granules, Endosulfan 1% or 3% granule and Endosulfan 4% dust.

· IPM
When the above single control option is insufficient, one may try to exploit the interaction of different control strategies in a pest management system.

3. African boll worm ( Helicoverpa armigera ) 

                             Order—Lepidoptera

                             Family—Noctuide

                            Species—Helicoverpa armigera (= Heliothis armigera ) 

3.1. Host plants – In Ethiopia it attacks sorghum, maize, cotton, Beans, Tomato, Tobacco, Many legumes, some vegetables and other plants.

3.3. Life-cycle/Biology and morphology
African boll worm posses four stage of development (complete metamorphosis). This includes, egg, larvae, pupa and adult.

Egg: - eggs are laid singly on young buds, stocks, leaves, flowers or fruits. In the case of maize this coincides with the flowering period. Each female moth may lay 1000-1500 eggs. Eggs are spherical, 0.5 mm in diameter. They are first yellow, later turning brown. The egg stage takes 2-5 days according to temperature.

Larva: - The colour of the larva is varies from black to green, brown, reddish-brown, whitish and orange. The fully-grown caterpillars are up to 40mm (4 cm) in length and the body has typical weavy and pale longitudinal strips on yellow to dark-green background. There are six larval instars.  The total larval period is 14-24 days, but up to 50 days at low temperatures. After 14-30 days the larvae made their way to the ground where they pupate. 

Pupae :-pupation takes place in the soil. The shiny brown pupa is about 16 mm long. The pupal period (development) takes 10 to 14 days or more according to the temperature.

Adult:-The adult brown nocturnal moth has a wing span of 32-40mm and 16-18mm body length. The forewings are yellowish brown or greyish to brown, with a broad slightly darker band and a small dark spot.  The hind wings are pale with a broad dark grey or brown marginal band with two lighter spots on it.

The complete life cycle may /can be as short as about 28 days and there are several generations each season.
3.4. Damage symptoms and Pattern
 –African boll worm caterpillars are extremely polyphagous and cause heavy damage to flower buds and bolls. They bore in to the bolls often with the hind part of the body exposed outside the boll. In sorghum the caterpillars feed on the head when the grains are in the milky stage. In maize the developing cobs are attacked. In other food crops and pulses they bore in to suitable part of the fruit or pods. Its damage is recognized by clean circular holes, which are bored in flower buds, bolls, fruits and pods. If younger bolls / fruits/ pods are attacked they normally show a yellowish colour and the bracteoles opened out. Excreta may be seen on the plant or under it. The infested bolls and buds drop pre-maturely. Also, secondary fungus infection often occurs after an infestation of the bollworm. One caterpillar can damage a number of bolls and buds or pods (2-3 bolls or fruits or pods/night) by moving from one to the other. Generally African bollworm can be considered as the most important pests in Ethiopia. 
3.5. Management and control of African Bollworm.

Monitoring-

· The host plants should be inspected regularly for young caterpillars for apply chemical control.

·  In the case of maize and sorghum, particularly when they are in a milk ripe condition or stage.

Cultural Control

· Crop rotation

· Early planting

· Intercrop with crops that host beneficial insects in strips or plant catch or trap border stripes 

                Eg- sun flower

· Destroy alternate hosts/weeds

· All crop residues must be burnt after harvest.

· For sorghum the use of varieties with open panicles is recommended.

· Ploughing the field will exterminate the pupae in the ground.

Chemical control

Chemical controls are used as a last option (alternative) for chemical control, apply insecticides or spraying at red egg stage or newly hatched larvae 

(When caterpillars are small).Some times, since Helicoverpa armigera is known for showing resistance to many insecticides, mixtures of insecticides with different mode of action are used.

An insecticide used to control ABW includes.

· Cypermethrin 25% Ec 1.5 lit/ha

· Endosulfan 35% Ec 2 lit/ha

· Sumithion 50% Ec 1.5-2 lit/ha

· Diazinon 60% Ec 2 lit/ha

· Carbaryl ( sevin ) 85% Wp 1.5 Kg/ha

· Cypermethrin ( cymbush ) 5% Ec 1.68 lit/ha

4. Grass hopper

Order-Orthoptera

Family-Acrididae

4.1. Host plants:- sorghum, finger millet, rice, maize and Teff.

Alternate hosts:-wild grass.
4.3. Life cycle (Biology and morphology) 

There are three stages in the grass hopper life cycle. This includes: - 

The egg- nymph (= larva) - Adult.

Egg-The female lays eggs in the soil and surrounds the eggs with a frothy liquid that hardens to form a protective structure or “pod “. Each female may lay 56-900 eggs (the number of egg pods deposited may range from 7 to 30, and the number of eggs per pod may vary from 8 to 30) .

Nymphs:-Grasshopper nymphs undergo through five instars or developmental stages. After each instar, they shed their cuticle and grow larger. Nymphs normally reach the adult stage in five to six weeks.

Adult:-Adult is the only stage to have wings, readily move out of hatching areas and begins laying one to two weeks after becoming adults. They have two pairs of wings and the hind legs are enlarged and used for jumping. The mouth parts are of the chewing-biting type. Adults live two to three months.
4.4. Occurrence and population- Grass hopper damage occurs most frequently in areas with low rain fall. Grass hopper populations fluctuate in cycles. High or very high populations may be present for two to four years followed by low to moderate populations for several years. 
4.5. Management/Control measures

Cultural Control

· Eliminate weeds and any susceptible plant from around crop field.

· Early planting

· Ploughing the field to expose the egg to natural enemy and sun, and eliminating potential egg laying site. 

· Exposing grass hopper to birds.

· Planting the periphery of the field with non preferred crops such as sunflower or crucifers.

· In small holding, regular hand-picking and subsequent mechanical extermination can be practiced.

Natural/Biological Control

· There are several natural enemies of grass hopper. 

Chemical control

The best time to control grass hoppers is during the 3rd and 4th instars of nymphal stage. Adult grass hoppers are difficult to control with insecticides due to their size and less susceptibility to the insecticides.

Recommended insecticides are

· Carbaryl (sevin) 85% Wp 1.5 Kg/ha

· Fenitrothion (Sumithion) 50% Ec 1.5-2 lit/ha

· Malathion 50% Ec   1-2 lit/ha

· Ethiozinon 60% Ec   1-2 lit/ha

· Ethiodemethrin 2.5% Ec   150ml-400ml/ha
5. Lady bird beetles (Teff Epilachna) 

Order – Coleoptera

Family – Coccinellidae

Species – Epilachna similis
The Lady bird beetles family (Coccinellidae) contains some species with vegetarian feeding habits, but most of them are predaceous on other insects, particularly on aphids, mealy bugs and scale insects. Larvae and adults devour the pests and are therefore considered as beneficial insects. Even though most lady bird beetles considered as beneficial insects, in contrary some lady bird beetles especially Epilachna species cause considerable damage on crop plants and leads to high yield losses.

5.1. Host plants:- The range of host plants include a number of cereals such

      as Wheat, Barley, Sorghum, Teff, Maize, grasses and several other plants.

5.3. Life cycle (Biology and morphology) 

There are four stages in Epilachna similis life cycle, the same as other coleopteran insects, which includes the egg -larva (grubs) -pupa - adult 

Egg - The eggs are about 0.5 mm long and pale yellow in colour. They are elongate oval and have a hexagonal sculpturing. The eggs are laid in clusters of 20-50 eggs on the underside of the leaves in a vertical position. 

Larva:-Mature grubs are 6-7 mm long and yellowish or dark yellow in colour. They are broad, with a dark head and bear dark coloured strong branched spines. But the young larvae are pale yellow and covered with delicate spines.
Pupa-Pupation takes place in the leaves of host plants. Mostly pupa is dark yellow in colour.

Adult – The adult beetles are oval or hemispherical in shape and about 6-8 mm in length. Adult Epilachna similis are reddish to reddish brown or brownish yellow in colour with black spots on the wing covers (elytra). Thorax and wing cases are covered with short, light-coloured hairs and generally dull appearance (not shiny).  These beetles are very good fliers. 

5.4. Damage symptoms and patterns -Both larvae (grubs) and adults feed on the leaves, usually on the underside, leaving the upper epidermis and veins intact (This type of damage is called “windowing “). Heavily attacked Leaves are skeletonized and dry up. In certain years this lady bird is found in great numbers and causes much damage.

5.5. Management/ Control methods.

Cultural control 

· Early planting or planting at the exact time.

· Crop rotation

· Destroy weeds/alternate hosts from the field.

Monitoring

· It needs early and regular inspection of lady bird beetles insect pest occurrence, to control the pest before it makes sever damage.

Chemical control

-Chemical control is used as a last option (alternatives) 

-Insecticide used to control lady bird beetle larvae and adult are 

· Trichlorphon 95% sp  1 Kg/ha

· Fenitrothion 50% Ec  1.5 lit/ha

· Thiodan ( endosulfan ) 35% Ec 2 lit/ha

· Sevin ( carbaryl ) 85% Wp  1.5 Kg/ha

· Malathion 50% Ec  1.5-2 lit/ha

6. Sorghum Shoot fly

Order—Diptera

Family—Muscidae

Species—Atherigona soccata
6.1. Host plants

Main host:-sorghum

Alternate hosts:-maize, finger millet, Rice, wheat, and several species of grasses.
6.3. Life cycle (Biology and morphology of the insect) 
Egg-the eggs are either deposited at the base of young shoots near soil surface or on the underside of the leaves of seedlings and on young tillers. One to three eggs are laid per leaf.  The white eggs have an elongate shape, and measure 0.8X0.2mm. Hatching takes 2-3 days. 

Larvae:-The full grown maggot is whitish or yellowish in colour and up to 8 to 10mm in length.  The mouth hooks and the two spiracles projecting at the hind end of the body are stained black. The young maggots crawl down inside the sheath and then they bore into the base of the young shoot, Killing the growing point and youngest leaf. This leaf turns brown and withers. The larval period takes 7-12 days 

· Maggot (larva) is the damaging stage.

Pupa-pupation usually takes place in the base of the dead shoot, but some times in the soil.  The pupal period takes about 7 days.

Adult-The adult insect is 3-4 mm in length, the Head and thorax is grey ( or pale grey ) in colour, the abdomen is yellowish with paired brown patches. The male is more blackish.  The wings are transparent. It looks like a small house fly.

· The total life cycle takes from 17-21 days depending up on weather conditions.

6.4. Damage symptoms and pattern- The maggot feed on the growing point of the shoot of the seedling and cause the characteristic << dead heart>> effect. When good growing conditions prevail the young plants are usually able to compensate the damage by producing new tillers which may partly escape attack, but later the ripening of the ear heads will be unequal. When the out break is severe also tillers may be attacked.

Management/Control methods

· Cultural control 

· Early sowing

· Use resistant varieties when available.

· Destroy voluntarily plants and grass weeds

· Biological control (natural enemies) 
· parasitoids—Trichogramma species

· predators—spider

· Chemical control

· Seed dressing – by using Marshall and carbofenothion 

· Recommended insecticide

· Trichlorphon 95% sp at 1.5 kg/ha

· Fenitrothion 50% Ec at 1 lit/ha

· Dimethoate 40% Ec at 1-2 lit/ha
7. Aphids
Order-Homoptera

Family—Aphididae

7.1. Host plants:-Many cereals, Vegetables, Coffee, Sugar cane,

       Cotton, grasses, garden herbs and wild plants are attacked by

      different types of Aphid species.

7.3. Biology and Morphology of Aphids .

Aphids exhibit a number of colours. They are soft-bodied, more or less pear-shaped, small polyphagous insects, the largest species not more than 4 mm in length. The mouth parts are needle-sharp stylets for piercing and sucking. The rear end of the body bears two characteristic projections called cornicles/siphunculi. Most aphids are very host specific and Adult of the same species may have both apterous ( wingless ) and alate ( winged ) females, which reproduce asexually by vivipary except when unfavorable conditions ( such as the long dry season in Ethiopia ) may trigger sexual reproduction, some times associated with migration to a woody perennial host. Winged forms are mainly produced if the host plant is over crowded.  There are three immature instars, all capable of walking. The life cycle of aphids can last as short as two weeks under favorable conditions. Warm and dry weather is especially favorable for rapid increase of aphid populations.
7.4. Damage pattern and symptoms
Aphids live in colonies on different parts of the plant, mostly on young shoots and leaves. The sugary, sticky excrements, called << honey dew >> accumulate on the upper surface of leaves and << Sooty mould >> fungus develops on them. The honey dew is a favorite food of some ant species. The ants protect the aphids against their natural enemies (lady bird beetles, Lacewing larvae, parasitic wasps, hover fly larvae, etc). The host plants are harmed by the extraction of sap, the injection of toxic saliva, the transmission of virus diseases, and the production of honey dew associated with sooty mould.  The symptom of damage on host plants are-

· On leaves – yellowing, spotting, mottling, deformation and leaf curl

· On flower/Inflorescences – Inflorescences can be sterile and stagnation of flower and fruit production.

· On plants- New growth remains dwarfed or stunted. Heavy attack may cause the plant to wilt and die.

7.5. Management/Control measures.

· Cultural control
· Choosing the appropriate sowing time.

· Designing the appropriate cropping system. ( such as intercropping with some botanicals having insecticidal properties) 

· Burn crop stubbles after harvest.

· Avoid alternate hosts, which serve as reservoir. 

· Observe a closed season.

· Use of resistance Varieties when available.

·  Biological Control.

Encourage natural enemies such as predators (lady bird beetles, spiders, larvae of syrphids, lace wings, etc…) and parasitoids by enhancing diversity.
· Use sprays of natural products ( botanicals ) another solutions
· Chili, Garlic, neem, tobacco,… etc, some times we used more than one botanical

· cow urine

· soap solution

· etc

· Chemical control ( as last options/alternatives ) 

· Primiphos-methyl ( Actellic ) 50% Ec at 0.5 lit/ha

· Dimethoate 50% Ec  1.5 lit/ha

· Thiometon 15% ULV at  1.2 lit/ha

· Endosulfan ( thiodan ) 35% Ec  1.5 lit/ha

· Malathion 50% Ec—1.5 lit/ha

· Sumithion 50%  Ec  1 lit/ha

8. Termites (white Ants).

Order—Isoptera 

8.1. Hosts- Teff, Barley, Maize, Wheat, Millet, Sorghums, Cotton, and other

several crops, trees and traditional built house.

8.2. Distribution- Important pests all over tropics (including tropical Africa)

and a major pest of grass lands below 1500m in parts of Africa. In Ethiopia many species are found through out the country. 

8.3. Life History and cycle

Termites are social insects, polymorphic, living in large communities, sometimes in elaborate nests both above and below ground. More than 2000 species of termites, all of which social and form colonies from several hundred individuals to more than a million (in some of the highly specialized species). In Ethiopia so far, 61 species belonging to 25 genera and four families have been recorded (crop protection department, 2005). 

Termites posses three stage of development (egg, nymph (= Larva), adult) which is called Incomplete metamorphosis. Termites are more closely related to cockroaches than to ants and live in colonies which consist of reproductive forms (Queens and Kings), Workers and soldiers. 

· Reproductive forms ( Queens and Kings ) – The King and queens can reproduce all the castes, including others like them selves which at certain seasons swarm out of the nest in enormous numbers. Their wings are long, narrow, whitish, or semitransparent, with many indistinct veins, and the two pairs are almost exactly alike in size and appearance. At the beginning of rainy season the colony produce a number of sexual matured, winged males and females who leave the nest. After swarming these queens and kings loose their wings and start new colonies. These swarming, winged kings and queens are the only termites that normally appear in the open air. Among the termites, the kings (males) live a long time and mate repeatedly with the queens and all termite eggs are fertilized. 

· Queens:-The queen develops a very large abdomen (in some species as much as about 10 cm in length) filled with ovaries and lays eggs continuously through out her life. The queens are larger than other members of their colony. The eggs are laid at prodigals rate that totals about 30000 a day in some species.
· Kings:-winged reproductive which usually fly after the rains.
· Worker:-The workers which form the majority of the population are wingless and sterile. The workers build nests, supply food, care for the eggs, feed the extremely young nymphs, the queens and kings, and perform others duties for the colony, except reproduction and defense.
· Soldiers; - The wingless soldiers are recognized by their modified mouthparts (power full jaws) and large brownish heads. The mandibles of the solder become enormously enlarged. Soldiers defend the colony and foraging workers from predators and other enemies.
8.4 Nest of termites:- Some large termite species live in big mounds which are called termitaria, which are constructed by them selves. The mounds constructed from 0.2cm to more than 1m below the soil surface, inter connected by underground passages (complex network of passage ways).Each hive is a dome- shaped cavity about 0.5m in diameter, some are full of termites in all stages of development; others are used largely for the storage of cut grass or other crops.
8.5 DAMAGE:- Termites have  biting-chewing mouth parts. They are considered as important pests all over the tropics attacking living plants as well as dry wood. The termites damage stem and roots, which is especially serious in seedlings often they cut the base of the plant at the ground level. Tree trunks or plant stems are covered with runways composed of plant fragments, soil and saliva. Underneath this protecting cover they feed on the bark. Trees may be ring-barked. Small plants may be killed. Losses in crops and trees due to pest species are often over 15% and in serious condition can reach 100%. The extent and type of damage vary with the presence of different termite species. 
8.6 Control measures   
· Cultural control

· Planting early to avoid severe damage.

· Crop rotation (do not plant two susceptible crops in consecutive years).

· Ploughing after harvest.

· Mechanical weeding

· Remove stubbles immediately after harvest.

· Removal of the queen or dig out and destroy the central located royal chamber where the king and queen are to be found (the remaining termites treated with chemicals).

· Biological control

· Exposing termites living out in mounds by digging out and allowed to be eaten up by the animals. 
· Chemical control

· For termites on soil surface or in top soil
-spray the affected area or water it by means of watering can, or broad cast an insecticide as a dust or wettable powder formulation and work it in to the soil 10-20 cm deep about two weeks before planting.

· For termites in nests or mounds
pore the emulsion with a watering can in to the channel.
· Ethiozinone 6o% E.C 20-30cc/mound.
· Other methods

· Use of wood ash
· Spray cow dung
9. Cut worms (Turnip moth)

Order   -Lepidoptera

Family –Noctuidae

Species –Agrotis segetum

9.1 Host plant:-It can be attack a wide range of plants, but the common host plants are vegetables, root crops, coffee seedlings, maize, tobacco, cotton, … etc.

9.3 Life cycle (biology and morphology of cut worm)

Eggs:--Eggs are laid singly or in small grouped on the stalks or leaves of the host plant or in the near by ground or in moist soil and on weeds. A single female may lays between 1000-1300eggs. These are ribbed and globular; they start off cream colored and turn reddish yellow to blackish before hatching. The caterpillars hatch 10-14 days. 

Larvae: - the young larvae are pale, yellowish-green with a blackish head. But the mature caterpillars are grey, brown, greenish-grey and greenish-brown, or blackish in color and 4-5 cm in length. The larvae molt six times and its development periods vary from 3-4 weeks and influenced by the temperature and adequacy of diet. Third to last instars (6th) become negatively phototoxic and they are nocturnal, hiding in the day time in the soil. Larvae construct burrows or tunnels in the soil about 2.5-5 cm deep. During the photophase in all these habitats, the larvae will usually seek a soil depth of 2.5-10 cm, where a moisture line exists. Often the larvae are found curled in the soil during the day time. Pupation takes place in the ground.
Pupation:-Pupae are about 15-25 mm in length and 5-6 mm in width. It is dark-brown or smooth and shiny reddish-brown with two dark spines at the tip of the abdomen. Pupa appears almost black in color just before the moth emerges.

Adult (moth):-The adult is medium sized moth, about 22 mm long with a wingspan of 40-50mm. The fore wings are greyish-brown with black lines or kidney shaped marking along the side margins. Hind wings are pearly white with brownish margins and veins. The males antennae are plumose (feathered), and the female antennae are filiform.

9.4 Damage pattern and symptoms:-Cut worms are polyphagous pests and the mature larvae cause the most damage. During the first one or two weeks of their life they feed on the young leaves of seedlings and can create perforations (shot holes) on leaves, later they migrate to the ground where they hide by the day near their hosts. At night they appear on the soil surface and attack the seedlings near ground level by biting holes in the stem or cutting them completely, often causing death of seedlings and some times wilting is observed because of partial cutting. Relatively small population of cut worms are capable of destroying entire stands of some crops such as maize and seedlings in a nursery, because of a cut worms larva will often cut one plant and quickly move on to other plants and continue cutting.

9.5 Control /Management Methods
· Cultural control

· Ploughing(deep ploughing) a month before sowing turns the caterpillars or pupae up to the surface where they shrivel in sun or eaten by birds

· Early avoidance of weeds reduces the egg laying sites

· Avoid planting susceptible crops in fields with a known history of cut worm problems.

· In small area removing by hand at early in the morning and after noon. 

· Flooding of soils induces caterpillars to leave their hiding places during the day time and thus become exposed to predators and adverse environmental conditions.

· Biological control

· Ants
· Several bird species (including hens)
· Other solutions

· Treat the seed bed with wood ash or a mixture of wood ash and chalk
· Chemical control

· As a last alternative, insecticide like Chlorpyrifos, Diazinone, (Ethiozinone) 60% E.C and Ethiodemetrin 2.5% E.C used to control cut worms. [image: image2.jpg]BONGA | ni’
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Pic.2 Larva and pupa of maize stalk borer /Busseola fusca L.
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