CHAPTER SIX
 DISEASES AND INSECT PESTS OF VEGETABLE CROP 
6.1 DISEASES OF VEGETABLE CROP 
6.1.1 DISEASES OF POTATO (Solanum tuberosum)
Potato late blight of (Phytophthora infestans)
Significance and distribution 
Potato late blight is among the most destructive of all plant disease. Devastation caused by the disease in the late 1840s in Europe led to food shortages throughout Europe and gave rise to the Irish potato famine, leading to the deaths or emigration of an estimated three million Irish people. As an asexual organism, Phytophthora infestans is a near-obligate parasite in nature. The foliar phase of potato late blight limits production of tubers and because of infections on tubers destroy a potential food source.
Disease symptoms 
The symptoms of late blight in the foliage of potato and tomato begin as hydrotic areas with indefinite margins at the tips or on the margins of leaflets. These lesions become necrotic and turn brown an almost black. The necrotic tissue dries and shrivels. Often, a chloranemic border develops around the necrotic areas; this yellow band is widest during wet weather. Necroses extend along the petioles and stems, which are girdled in wet weather. Necrotic areas on stems are not surrounded by yellow borders. The characteristic, moderately offensive odour that emanates from diseased plants is particularly noticeable when the disease in developing rapidly in the field. Slightly sunken hydrotic areas develop in the outer tissues of infected potato tubers. These areas become necrotic and turn brown to purple. 
During wet weather, the signs of the pathogen-sporangiospores (conidiophores) and sporangia (conidia) – can be seen as a downy growth, particularly on the axial surfaces of leaflets.


Life history of the pathogen
The epidemiology of late blight depends on the occurrence or absence of sexual reproduction. In locations in which sexual reproduction is absent (only one mating type), the pathogen is essentially an obligate parasite and cannot survive for long periods in the absence of a susceptible host. In locations where sexual reproduction is possible, oospores may survive from one season to the next, regardless of host presence. Although sporangia can survive for days or weeks in moist soil, they do not survive for long periods and, especially, they do not survive drying and freezing. Mycelium in infected viable tubers survives well from one season to the next regardless of storage type. Sporangia produced from lesions on infected plants can be dispersed on wind currents or splashed in raindrops to neighboring plants and the secondary cycles are possible. Note that both foliage and tubers are susceptible to infection.
Pathogen dispersal
Infected seed tubers can be transported kilometers, hundreds of kilometers, or from on continent to another. It is also possible for oospores to be transported long distances. The very rapid asexual generation time of 5-6 days under optimal conditions with potential for production large numbers of sporangia on potato foliage enables epidemics to develop even from very small levels of initial inoculums. The efficiency of infected tubers initiating epidemics may now be a function of pathogen genotypes as well as a function of host genotype and meteorological conditions.
Aerial dispersal comprises three distinct phases: escape from the canopy, transport through atmosphere and landing on plant tissues. Short-range transport of sporangia can be very important, especially under moist, cloudy conditions. Sporangia (usually produced during a wet period overnight) can be dispersed by wind during drying in the morning for some distance and distances of up to 11 km have been identified. Then they cause infection when the leaves are again wetted (by dew or rain).
Favourable conditions
Potato late blight is a classic polycyclic disease (many generations per season). It is well established that moderate temperatures (15-25 oC) and high moisture (leaf wetness from dew, irrigation, fog, mist, rain, etc) or high relative humidity (near 100%) favour epidemics of late blight. The sporangia can germinate well at 18 – 20 oC in a film of water. When the temperature is 20-21oC, two to eight zoospores are released from each sporangium within three hours. The zoospores swim about in the water film on the surface of the leaf, lose or withdraw their flagella, and germinate by producing germ tubes. Appressoria form at the tips of elongating germ tubes and the cuticle of the leaf is penetrated directly by penetration pegs growing from appressoria.
Disease management 
Management strategies are grouped into those that limit or reduce the inoculums and those that retard the pathogen growth. Elimination of infected potatoes reduces the initial pathogen population. Destruction of cull-piles ad volunteers, planting healthy seed tubers, and seed tuber treatment with fungicides are important components of a comprehensive management system. Utilization of resistant cultivars with field resistance and periodic application of protectant or effective systemic fungicide, E.g. metalaxyl (ridomil) is also recommended.
 Bacterial blight, brown rot (Ralstonia (Pseudomonas) solanacearum)
Significance and distribution 
Brown rot, also known as bacterial wilt or southern bacterial wilt, affects potatoes in almost every region in the warm temperate, semitropical, and tropical zones of the world and has been reported from relatively cool climates. It limits growing of potatoes and other susceptible crops in parts of Asia, Africa, and South and Central America.
Disease symptoms
Field symptoms are wilting, stunting, and yellowing of the foliage. These may appear at any stage in the potato’s growth. Wilting of leaves and collapse of stems may be severe in young, succulent plants of highly susceptible varieties. Initially, only one branch in a hill may show wilting. If disease development is rapid, all fade to a pale green and finally turn brown without rolling of the leaflet edges as they dry. In young potato stems, dark narrow streaks, corresponding to infected vascular strands, become visible through the epidermis.

Disease epidemiology
Temperature plays an important role in the geographic distribution of the organism, which is rare where mean soil temperatures are below 15 oC. High temperatures favour growth of the pathogen in vitro and development of the disease in the field. Recently, Ralstonia solanacearum is reported in Sweden, and at high altitudes in Costa Rica, Colombia, Peru, and Sri Lanka. Thus, the bacterium can possibly survive and infect potato crops at relatively low temperatures. The disease also occurs in soil types ranging from sandy to heavy clay over a wide range of soil pH. Disease usually develops in localized areas often associated with poor drainage. On newly cleared forestland, bacterial wilt may be severe if a susceptible crop is planted. 
Host range
Infected economic host crops include tobacco, tomato, pepper, eggplant, peanut, banana, and a number of ornamentals and weeds.  Most susceptible hosts are in the Solanaceae.
Disease control measures 	
1) Use disease- free tubers and disinfect the cutting knife.
2) Sol treatment chemicals such as sulfur are not widely accepted because of low level of control and the high cost.
3) R. solanacearum survives for extended periods in some soils. In others it may not survive 1-6 months of fallow.
4) Some crop rotation sequences reduce disease severity; they may act indirectly by reducing populations of root-knot nematodes that enhance wilt disease infection in potato.





6.1.2 Diseases of tomato (Lycopersicon esculentum)
 Early blight of tomato (Alternaria solani)
Significance and distribution
Early blight is one of the most destructive and widespread foliar diseases of tomato and potato in East Africa. It occurs every year in varying degrees of severity. The disease becomes more severe on the foliage that is approaching maturity after the fruits or tubers have been formed.
Disease symptoms 
The disease is characterized by the appearance of circular, brown spots with concentric rings like a target on the leaves. The lesions may have a narrow yellowish border and may coalesce to kill a large portion of the leaves. The fungus produces a toxic substance that causes the leaves to drop prematurely. Lesions also develop on the stem but do not cause much damage. Irregular, dark coloured and somewhat sunken lesions appear on the fruit or on the tuber. The lesions become hard-and –dry and little or no wet rot occurs in storage. Early blight lesions become soft and watery.
Cause agent
Alternaria solani is the causal fungus. The fungus survives from one crop season to the next in the infected debris of tomato and potato plants in the field. Contamination of seeds and tubers with conidia and mycelium is another source of survival of the pathogen. Primary infection on the lower leaves takes place through the conidia formed in the soil. Secondary spread of the disease occurs through conidia developed on the primary spots. These conidia are disseminated through wind, water, or insects. Infection takes place through the stomata but direct penetration may also occur. Heavy dews and frequent rains are ideal conditions for the disease development.




Disease management 
Same as the late blight of potato.
Tomato and pepper powdery mildew (Leveillula taurica)
Pepper and chillies are attacked by powdery mildews. When infection occurs late, damage is light. But if infection occurs in early, the plants will be defoliated, resulting in reduction of yield and loss of quality of fruits. 
Disease symptoms 
The disease symptom is characterized by the appearance of pale-green to yellow necrotic spot on the leaves. Spots are indefinite and vary a great deal in size, but may coalesce to cover a large proportion of the total area of the leaf.
A powdery white-grey to purple growth can be seen on the lower side of the leaf. Infected leaves look pale yellow on the upper surfaces. Later, the infected area of leaf dries up and turns black when infection is severe, defoliation occurs. The disease does not attack and damage the stem.
Control measures 
1) Dusting with finely divided sulfur (lime sulfur).
2) Spraying with wet table sulfur compounds: Karathane, or maneb, every 10 days.
6.1.3 DISEASE OF CABBAGE (Brassica oleracea var. capitata L.)
 Cabbage head rot, black rot (Xanthomonas campestris)
Significance and distribution 
The disease is present throughout the world. It affects all members of the cabbage family and sometimes causes severe losses on these crops. Cabbage head rot is one of the most destructive bacterial disease affecting cruciferous vegetable especially cabbage, cauliflower, broccoli and kale in East Africa in which the affected tissue die, decompose, smell badly and turn brown. 
The disease affects plants of any age and primarily the aboveground parts of plants, but in hosts like turnip and radish that have fleshy roots; these organs may also be affected and developed a dry rot.
Disease symptoms 	
The sign of the disease is noted by chlorosis of leaves starting at the margins of the leaf blades. The symptom is also recognized by browning and dying of the marginal leaf tissue and, sometimes, the stem. Infection of the margin of the affected leaves turns yellow and the veins and midribs become dark. Most of the veins and veinlets rapidly turn black in extreme infections. Blackening of the vascular issues may proceed towards the main stem and reach the roots causing systemic spread of the infection; bacterial ooze comes out of the infected plants. Leaves so infected may be stunted and early defoliation may occur.
Causal agent
The bacterium Xanthomonas campestris pv. campestris (Pammel) Dowson is the causal bacterium. The bacterium survives on the plant debris in the soil and on the seeds. Primary source of infection is through infected seeds. The black rot bacteria overwinter in infected plant debris and on or in the seed. If the bacteria come in contact with or are splashed to cotyledons or young leaves, they infect them through stomata, hydathodes, or wounds and spread through them intercellularly until they reach the open ends of outer vessels, which they invade. Mostly insects, rain splash and implements can carry the pathogen and facilitate secondary spread of disease. 
The bacteria then multiply in the vessels and spread in them throughout the plant, reaching even the seeds, at the same time, however, disintigration of the xylem occurs in places, and the bacteria spread into the intercellular spaces of the surrounding parenchyma. In humid weather, young leaves fall off and soft rot appears on the head. Xanthomonas campestris lives on the refuse of the infected plants in the soil and seed-borne. There may be secondary infections in the field due to rain, water, wind, and agricultural tools.
Disease control
Crop rotation, field sanitation and seed treatment with mercuric chloride (1: 1000) for 15 minutes are effective. The use of bacteria-free seed and transplants planted in soil in which no black rot was present the previous two to three years. Hot water treatment of seed at 50 oC for 25-30 minutes and use of resistant varieties are also recommended. The use of antibiotics such as tetracycline or streptomycin followed by a water rinse and a 30- minute in 0.5% sodium hypochlorite helps ensure bacteria-free seed. Sprays with copper fungicides (kocide) at 10-day intervals help reduce spread of the disease.
6.1.4. Diseases of carrot (Daucus carota)
Carrot root knot (Meloidogyne incognita)
The nematode attacks many host crops including carrot, radish, turnip, cucurbits, potato, tomato, egg-plants, chillies, groundnut, okra, pineapple, pyrethrum, and many other crops.
Disease symptoms
The nematode infestation on the root appears as tiny tubercles but heavy and heavy localized infestations induce excessive cell division leading to gall formation. Affected plants become stunted with chlorotic appearance. They usually appear in patches within the fields. Location of these patches is generally the same from one season to the next.
Causal agent
The nematode Meloidogyne incognita is the causal agent. The nematode survives in the soil on crop debris. The life cycle consists of an egg, four larval stages, and an adult stage. Second stage larvae usually enter the root just behind the root-tips.
Disease control
Field fumigation with nemagon, nematox has been recommended as the effective means of control. Crop rotation, ploughing with wild marigold and use of resistant varieties are most useful.



6.1.5 Diseases of beetroot (Beta vulgaris L.)
 Beetroot leaf spot (Cercospora beticola)
This is the most common and destructive disease in East Africa. The disease becomes serious during the long rainy season.
Disease symptoms
The disease symptom is recognized first by the appearance of numerous small, circular spots on the leaves that have a well- defined margin usually darker than the rest of the lesion. Lesions on the petioles are long and tan to brown in color. Sometimes the grayish masses of spores on the lesions may coalesce each other to form bigger and extensive dead areas. Defoliation occurs throughout the growing season resulting into low yield. 
Causal pathogen
Cercospora beticola Sacc. is the causal fungus. The pathogen survives in the soil on the plant debris and serves as a source of primary inoculums. The spores, which are borne on the lesion surface, are air-borne and provide the secondary inoculums. Spores may also be carried on seed, but that source of primary inoculums is less important than the soil. High humidity favours disease development.
Disease control 
The use of resistant varieties is the best means of control of leaf spot of beetroot. Spraying with copper fungicides or zineb is also effective against this disease.
6.1.6. DISEASE OF ONIONS (Allium cepa L.)
Onion downy mildew (Peronospora destructor)
Significance and distribution
Down mildew of onion occurs widely distributed in relatively cool and humid areas of the world especially in wet, low-lying and badly drained areas. It is known to be seed-borne disease. The hyphae also grow down into the leaf bases and may remain dormant in the bulb, from which infection may be initiated in the field. Oospores may remain viable in soil for years and constitute the main primary source of inoculum. The infected leaves die and bulbs fail to develop in severely attacked plants.
Disease symptoms
The disease symptoms first appear as pale yellowish spots on the upper half of the leaves. The fungus sporulates on the spots as bluish-grey, fuzzy mildew when the humidity is high. Spots enlarge and coalesce each other and the affected leaves wither and die and the growth of the bulb is reduced. Sporangiophores bearing infective sporangia are produced on the lesions and give a grayish-violet colour to the lesions. Local lesions, resulting from secondary infection are oval to cylindric in shape and often paler in colour. They may consist of alternating chlorotic and green layers of tissues on the leaf and stem.
Disease control measures 
Seed treatment with seed dressing fungicides and spraying with Bordeaux mixture (copper or organic fungicides) has been recommended. The use of disease-free bulbs in well-drained areas reduces the incidence of the disease. Clean cultivation and crop rotation are also advisable. Use 
6.2 Major insect pests of Vegetable crops
 Insect pests of potato
· Potato tuber moth (PTM)- Phthormia opercula , Lepidoptera, Gelichidae
· Attacks potato and tobacco as main hosts
· Alternate hosts- tomato, egg plants, beets
Damage
· Larvae- damaging stage- mine the leaves, develop silver blotches, it bores the stem and tubers which expose the tuber to secondary infection.
Description
· Eggs- are laid under side of the leaves & tubers, minute white and laid singly
· Larvae- pale green in color, Pupation- takes place on the surface of the tubers.
Control         Use of clean seeding materials
·              Insecticides-Aldicarb ,Disulfoton   and  Phorate in  granule form
Insect pests of Onion
· Onion Thrips-Thrips tabaci
· Onion is main host and found in tobacco, tomato, cotton, and peas
Damage	
· The nymph and adult are damaging stage
· They feed on the leaves, the leaves develop silver blotch
· The nymph are found at the base and pupation takes place inside the soil
· The main damage comes when onion are produced by using irrigation during dry seasons
Control
· Use systemic insecticides- -Fenitrothion, Dimethoate
Insect pests of sweet potato
a) Sweet potato weevil
b) Sweet potato butter fly
a) Sweet potato weevil- Cylas spp./ Coleoptera
· Beside Sweet potato it can attack maize as alternate host
Damage
· Both the adult and larvae are damaging stage 
· Adults are found feeding on the leaves, stems
· Larvae- bores to stems and tubers
· The tuber which is attacked is black bored, irregular blotches and also deformed.
· The damage could be pre and post-harvest
Description
· Eggs- laid inside hollow stem and also can be in tubers 
· Are white and spherical
· Larvae – curve shaped, white, apodus
· Pupation takes place both inside stem and tuber as well as in the soil
· Adults are black weevils, long as compared in the common weevil
Control
· Use of clean planting materials- free from larvae
· On time harvesting- tuber may not be used as carry over site
· Crop rotation- to reduce incidence of the pest
· Destruction of crop residue
· Insecticides- Carbofuran
b) Sweet potato butter fly- Acerea acerata
· Lepidoptera- Nymphalidae
· In southern Ethiopia- main problem
· It attacks d/t ipomeas spp. by now >10 wild spp.
· The outbreak is associated with two factors
· The introduction of susceptible sweet potato cultivars
· Continuous cultivation of sweet potato
Damage	
· Larvae- damaging the leaf
· A single larvae feeds several leaves per day
· Can cause complete defoliation of vines as the results the tubers shrinks in size
· They also directly feed on the tubers
Description
· Eggs- laid on the surface of the leaves, pale yellow, 40-400 in batch
· Larvae- are greenish black caterpillar
· Covered with fleshy branching spines
· In early stage gregarious but later- solitary
· Pupal- brown, found at any part of the plant and also found in soil cracks.
· Adults- butterfly are pretty, black but with yellow and red spot
· They are aposematic- they can change their color and also emit poisoning substances this is the type of reaction against natural enemies and have 6 generation per year. 

Control
· Cultural practices
· Avoid continuous planting of sweet potato
· On time harvesting
· Desmodium weed- used as trap crop to divert the attention of insect from sweet potato
· Insecticides- Deltamethrin, Cypermethrin
Insect pests of cabbage
· Cabbage aphid
· Diamond Back Moth
· Cabbage saw fly
· Cabbage aphid- Brevicoryna brasiceiae , order Hemiptera
· Main host- crop of Cruciferae , rapeseed, cauliflower
Damage
· Soft boded aphids in mass can consume either in the leaf, flowers, or stems
· Can also suck the sap and transmit >30 plant viruses
Biology
· It can survive in extreme temperature
· More than 20 generation per year
· Reproduce parthnogenitically- in warmer area

Control
· Destruction of Cruciferae plants which are alternate hosts
· Use Systematic insecticides- dimethoate 40%EC
· In order to avoid residual effects for human beings, we have to spray the chemicals at least two weeks before harvest.
· Diamond back moth- Plutella xyclostella / Lepidoptera
· Attacks different types of cabbage like cabbage aphids
· Is series problem in hot dry weather condition
Damage
· Larvae- consume the lower and upper parts of the leaves. 
· Heavy infested leaves are wither and die
Description
· Eggs- laid singly, white and spherical in shape
· Larvae- pale green and wide in the middle
· Pupation- takes place on the surface of leaves, greenish in color
· Adult- is a moth, has diamond like structure on the thorax region
Control
· Destruction of crop residue related to Cruciferae family
· Botanicals- neem extract found to be effective management practices
· Cabbage sawfly-Athlia spp.
· Hymanoptera
· It is sporadic pests in different types of cabbage
Damage
· The damaging stage is the larvae
· It stripes the leaves towards to the mid ribs
Descriptions
· Eggs- laid singly on the lower side of the leaves, brown in color
· Larvae- resembles the larvae of Lepidoptera, has 8 pairs of prologs, can be distinguished by humped thorax, 
· Adult    - wasps, have dark head, they like to fly just over the crop
           -Not important as a pest.
Control
· Destruction of alternate hosts
· Broad spectrum insecticides- Trichlorofon
Tomato
· Whitefly, African ball worm, Potato tuber moth (PTM)
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