Insect pest and diseases of cereals

Introduction 

Definition 

Cereal 

A cereal is generally defined as a grass grown for its small edible seed. Cereals are those members of the grass family, which has been the most important source of the world’s food.

The significance of cereals to modern society is clearly reflected in the importance of cereals in the diet through out the world. In much of Asia and Africa, cereals products comprise 80% or more of the average diet, in central and western Europe, as much as 50% and in the united states, between 20-25% ( on wueme & Sinha,1999). Cereals as a group are the most widely adopted Crop species. They can be grown under adverse conditions with at least some yield. This broad range of adaptation, the efficiency of production and the ease with which cereals can be stored make them a dependable source of food.

Cereals are dominant crops grown in Ethiopia agricultural practices. The main types of cereals grown in our country as well as in western zonal areas of the southern region are wheat, barley, maize, sorghum, millets and teff. The importance as related to cultivated area, teff comes first followed by maize, sorghum, wheat and barley in decreasing order as country level. However the productivity of these crops is far below the average of other countries mainly to the impact of insect pests and diseases.

Definition of insect pests and diseases 
A pest is any organism that competes with humans, domestic animals or desirable plants for food or water. 

A pest is a living organism which is in any way disruptive to the growth of crops or animals, or which may cause trouble to stored produce. It 

· Injures humans, animals, desirable plant, structures or possessions.

· Spreads disease to humans, animals or plants.

· Annoys humans, or animals.
Comment! The word is a relative term. A pest to one person may not be a pest to another, so foxes are pests to comment chicken farmers, but not to naturalists.

The type of pests include

· Insect and disease causing organisms directly responsible for causing yield losses in terms of both quantity and quality. 

· It includes insects (aphids, beetles, caterpillars, ants, cockroaches etc). Arachnids     (mites, spiders, ticks), nematodes, disease causing organisms (bacteria’s, fungus, virus, mycoplasma etc.). Angiospermic higher plants. 

· Mollusces ( slugs, snails) 

· Vertebrates ( birds, rats) 

· Weeds ( any plant growing where it is not wanted)

Insects 

· Insects are invertebrate animals with out back bones.

· To a category of invertebrates called arthropods, which all have jointed legs, segmented bodies, and a hard outer covering called an exoskeleton.

· About one million species of insects have been identified so far which about half of all the animals are known to science.

· Insects are small air breathing animals characterized by a segmented body with main plants head, thorax and abdomen. 

· In their adult forms insects typically have three pairs of legs, one pair of antennae and in most instances two pairs of wings.

· Live in almost every habitat on land.

Ex. Distant relatives of crickets called rock crawlers survive in the peaks of Himalayas producing a kind of antifreeze that prevents their body fluids from freezing solid. At the extreme are worker ants that forage for food in the Sahara desert at to above 47oc.

Plant disease

Disease is that which produces constant irritation and physiological abnormalities in an organism caused by a pathogen or unfavorable environmental factors.

Disease is any disturbance brought about by a living entity or an environmental factor. This interferes with manufacture and translocation and utilization of food nutrients and water in such a way that the affected plant changes in appearance and /or yields less than normal healthy plants of the same varieties.

Disease is a sum total of the altered and induced biochemical reactions in a system of the plant or plant part brought about by any biotic or a biotic factor(s) or a virus leading to malfunctioning of its physiological processes and ultimately manifesting gradually at cellular and /or morphological level. All these alterations should be of such magnitude that they become a threat to the normal growth and reproduction of the plant (singh et .al 1989). 
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Cereal diseases

1. Cereal Rust 

General condition of the disease

Several thousands of rust species attack a wide range of higher plants. A number of them cause serious economic losses in crops, but none more so than the three rust attacking cereals. These are:- 

· Leaf rust, 

· Stem rust and 

· Stripe rust. 

There are about 4000 species of rust fungi distributed among 100 genera in use today. In nature, all are obligate parasites. They parasitize green plants from the ferns and conifers to most of the more highly evolved families of both dicotyledons and monocotyledons. About 200 species of cereal grasses are known to be reservoir of rusts all over the world and  survey results made in Ethiopia also shown that 21 spp. Of grasses were infected by rusts (Labon et al., 1988).

They grow internally with intercellular mycelium. Sporulation is by means of sporogenous hyphae emerging through the stomata by breaking through the surface of the host.

The cereal rusts, rusts of coffee, rusts of apple and rusts of linseed are known for their destructive nature. Parasitism and specialization are highly developed among these fungi.

The life cycle of the disease causing agent (the pathogen)  

The rusts fungi have pleomorphic life cycle. Some rust fungi have the most complex life cycle found in the fungi in addition to a high degree of specificity for host of a single species and sometimes of a particular genetic strain. Many rust fungi are long cycled, passing through a regular alternation of generations and a succession of five spore stages to complete a life cycle. The life cycle includes both the asexual, which occur on wheat and related grasses and the sexual stage on alternate host such as barberry and mahonia.

Physiological specialization

With in a rust species there has been specialization of parasitism due to the characteristics and plastic nature of the disease causing agent. The first level of variability in reference to parasitism is the development of formae speciales. These are defined by their ability to attack a particular species or a group of related species but do not differ in morphology. Forms within species vary in their capacity to parasitize crops and grasses. Usually they are named after the most common or most important species that they attack. For example, the stem rust that attacks wheat is named as Puccinia graminis f.sp. tritici. The host range of many formae speciales is wider in many cases. There is an overlap of the host range of two or more formae speciales. Thus many species of grasses may serve as hosts for more than one form of rust. It is important for example, to note that both Puccinia graminis f. sp. tritici and Puccinia graminis f.sp. secalis are of world wide distribution and have a common host the cultivated barley. Many of whose varieties are susceptible to both formae speciales. However, the form that infects oats but not wheat or barley is identified as Puccinia graminis f.sp. avenae.

The importance of rusts

Uredia produce large number of spores for several weeks. A single pustule may produce more than 350,000 spores at a time. During the active growth  period of the host, repeated cycles of uredia are produce every 14-21 days, which account for the rapid spread of the disease over wide area. On windy days (under favorable condition) many spores may become air borne and carried long distance. Urediospore continue to be produced until the plants approach maturity. The produce physiologic race (pathotypes) frequently and break the resistance in cereals and destroy the several year of breeders effort in a few days, weeks and months and yield in susceptibility of host genotype which was previously resistant. They cause great economic losses due to the yield losses they pose on cereal crops.

Yield loss information is very important to take decision at different levels in a society. 



















At farm level, decision to effect control measures requires knowledge of the magnitude of losses due to particular disease or group of disease; while at government level reliable information on the level and strands of losses help to develop agriculture inputs and allocate resources. Crop yield represents a seasonal integration of climatic and soil resources with biological performance under particular pattern of management. The factors that attribute for the loss in yield in diseased plants are many but some examples that have significance to rusts could be sited as follows that are reduced photosynthetic activity, reduced physiologic activity, create accumulation of solute and movement of water. In general, the net result of the situation is the vegetative and/or reproductive meristems are starved and the pathogen and cells around the infection live at the expense of the remainder of the plant.

The three important rusts

The rusts are perhaps the most destructive and the most widely recognized of cereal crop diseases. They occurs almost all areas of the world where cereal crops are gown. Any of the above ground portions of the plant may become infected from seedling stage to maturity. At least five puccinia species attack cereal crops. These are puccinia graminis the causal organism of stem rust, puccinia recondita the causal organism of leaf rust of wheat, puccinia hordei the causal organism of leaf rust of barley, puccinia striiformis the causal organism of stripe rust and Puccinia coronata the causal organism of crown rust of oats. Of these five puccinia species the three species named as Puccinia graminis, Puccinia recondita and Puccinia steriiformis are the most important on widely grown cereals.

Symptoms of the three important Rusts

	No
	Characters
	Leaf rust
	Stem rust
	Stripe rust

	1
	Color
	Orange brown 
	Dark reddish brown 
	Orange yellow 

	2
	Shape
	Pustules are circular or slightly elliptical
	Elliptical
	Spherical 

	3
	Size of pustules
	Least
	Bigger one 
	Medium

	4
	Appearance
	Mostly upper but in rare cases on surfaces of lower leaves and leaf sheaths 
	On stem, both sides of leaves and spikes and glumes 
	On upper leaf surface, also leaf spikes and glumes, rarely leaf sheath

	5
	Condition of the appearance of pustules 
	· Appear singly do not  coalesce 

· Flecks do not 

appear 
	· Primary pustules are separate, scattered but heavy ones coalesce 

· Flecks appear and epidermis broken and torn appearance 
	· Seen as harrow stripes 

· Flecks do not appear 

· No breakage of epidermis 


Ecology requirement

· Leaf rust requires low land and midland.

· Stem rust requires midland and highland.

· Stripe rust requires highlands and temperate areas.

Hosts for rusts

· Hosts of leaf rust are wheat, triticale and many other grasses.

· Hosts of stem rust are wheat, barley, triticale and many other related grasses.

· Hosts of stripe rust are wheat, barley, triticale and many other related grasses.

Common name of the three rust

· Common name of leaf rust is brown rust.
· Common name of stem rust is black rust.

· Common name of stripe rust is yellow rust.

Disease control

1. use of resistant varieties 

Use of resistant varieties is the most effective method for cereal rust control. The use of resistant cultivars adds no extra cost to farmers. It is also long lasting and friendly to environment. There are more than 61 varieties of wheat released for their resistant to rusts in the country. Some varieties of maize are also developed to with stand the impact of rust disease.

2. cultural practices 

The objective of cultural method of rust control is to break the life cycle of the rust, usually at a critical stage such as over wintering or over summering. Practices, such as use of early maturing varieties that helps to escape the occurrence of the disease .And also early sowing of cereal crop that may help to escape the damage of rust disease due to growth stage and time of infection.  In addition mixed cropping of wheat with other suitable crops gives returns even if the main crops fail. Further more, the use of nitrogenous fertilizers tend to increase the susceptibility of the wheat crop to rusts while potassium has the opposite effect.

3. Eradication of alternate/collateral host /

In Ethiopia, the survey carried out during 1988 on cereals revealed that 21species of grasses were found infected by rusts. (Labon et al., 1988). This investigation has shown that the grass serves as a reservoir for one or another species of rust as over wintering media. Therefore, eradication of these alternate hosts helps to reduce the incidence of rust diseases.



























4. chemical control method 

Two of the most effective fungicides against rusts are propiconazole (Tilt 250 E C) at the rate of 0.5 Liter per hectare and Triadimefon (Bayleton 25 WP) at a rate of 0.5 kg per hectare is recommended for the control of rusts.






Smut Diseases Of Wheat and Barley
Loose smut of wheat (Ustilago nuda tritici schaf.)

Loose smut is a major disease of wheat and is responsible for heavy losses when susceptible varieties with infected seed are grown year after year. It occurs in all the wheat growing areas of the world but is more sever in moist than in dry regions. Generally, the loss is proportionate to the percentage of infected heads but other yield contributing components of the host are also affected.

Disease symptom 

· Every head of the affected plant may be converted into black mass of spores and no grain is formed. 

· In most of the varieties under cultivation the growth of the plant and its general appearance is not affected in any way until the ears have appeared. 

· In most varieties heading in the diseased plants is reached at almost the same time or slightly earlier than the normal plants.

· Instead of normal ears there is a mass of blackish powder, the smut spores.

· These spores, which develop in young spikelets, are initially covered by a delicate silvery membrane.

· The membrane usually raptures before the ears are completely out of the sheath exposing the very dark, olive brown, powdery mass in place of the normal spikelets.

· The spores easily separate from the host and are almost all blown off by wind in dry weather leaving a bare rachis (stalk) behind. 

· Partially smutted ears also occur.

· The amount of spores formed in these sori depends upon the temperature at which the plant has been growing before flowering.

The causal organism 

· Loose smut of wheat is caused by Ustillago segetum (pers) Roussel var. tritici Jensen. ( Ustilago tritici or Ustilago nada tritici schaf) 
Disease development 

The dormant mycelium in the seed becomes active when the infected seeds are sown in the next season and their germination starts. It grows just behind the growing point of the host, keeping pace with the apex of the shoot. As the ear formation starts there is a great accumulation of hyphae in the floral parts, which are completely destroyed. The hyphal segments then become swollen, round off, and separate. A thick wall is formed and the cells become chlamydospores (teliospores or smut spores). The teliospores from smutted spikes are carried by wind to healthy flowers, where they germinate, conjugate, and produce infective hyphae. Penetration takes place through the young ovary wall, the mycelium becoming established in the pericarp, in the remains of integument or in embryonic tissues before maturation. There it remains dormant until the next growing season. When infected seeds germinate, the mycelium resumes growth, and the fungus becomes systemic. Sporiforus branches appear in the mycelium in the spike giving rise to teliospores. The soot – like spores are soon dispersed throughout the crop by wind, and if settled on the flowers of healthy plants they germinate. The fungus enters the developing grain, and establishing itself with out causing any apparent injury. When the seed germinates then fungus grows upward inside the young plant until the ear is formed. Spores are formed in the developing grains, and become visible as the ear emerges.

Control

· Loose smut of wheat, being an internally seed borne disease can be effectively managed by eradication of the pathogen from the seed. Seeds for sowing should be obtained from reliable places where the disease does not occur. If not the seeds may be treated by hot water method. 

· Use resistant varieties 

· Fungicide treatment: - the advent of systemic fungicides made the control of this disease as well as of most other cereal smuts, easy and highly reliable. In India, Vitavax (Carboxin) and Bavistin (Carbendazim) have been extensively used for the last 30 years. A dosage of 2.5 -3 gram fungicides per kg of seed gives almost complete control of the disease.
Covered smut of Barley (Ustilago hordei) 
Covered smut of barley is common in barley producing area where it may cause considerable damage in susceptible varieties. It is more common than loose smut of the same crop.

Disease symptom  

· The smut does not become evident in the field until the ears are formed.

· The affected ears may emerge about the same time as the healthy ears but remain shorter and are usually retained with in the sheath for a longer time before appearing or may sometimes fail to emerge at all.

· The black spore mass of this smut remains covered by more or less firmly adhering membranes of the grain and the basal part of the glumes.

· Every ear in a diseased stool and every grain in a diseased ear are affected.

· The awns remain intact though they may be sometimes found partly withered.

· The spore masses are held together due to deposition of fatty substances, a feature which renders seed treatment difficult unless the fat is removed.

· As the crop approaches maturity the smutted ears become very clearly visualize. 

· The smut sori are mostly broken when the grains are  threshed and then the spores get mixed with and stick to healthy seeds.

The causal organism 

The disease is caused by Ustilago hordei (pers) Lagerheim.

The smut spores are round to elliptical and brown in color. 

Disease development 

The fungus perennates through the externally seed borne smut spores which have contaminated the healthy seed during threshing. Primary infection occurs on the very young seedlings by sporidia when the latter have germinated on the seed coat of the germinating seed. In susceptible as well as resistant cultivars dikaryotic germ tubes of the fungus directly penetrates through the epidermal cells of the young coleoptiles in to the embryonic growing point with in two days. In susceptible genotypes, electron opaque interfacial matrix is formed around the inter and intracellular hyphae.
















The hyphae grow and extend in to the host bundle sheath and invade the paranchymatous cells. About 12 days latter cell wall appositions are formed surrounding the hyphae. In resistant genotypes cell wall appositions occur as soon as hyphae penetrate the host epidermal cell (Hu. et al, 2003). No infection occurs when the primary shoot of the host has grown out above the soil surface. Further development of the parasite follows the growth of the host. Mycelium rapidly branches in the crown buds and floral structures. Spores are produced by the cells of the hyphae and these replace the kernel.

Disease control

· Use of resistant varieties

· Sowing material from disease free areas

· Use of fungicides

· Since the fungus is externally seed borne effective and economic control can be achieved by seed treatment with protectant or systemic fungicides.

· Fungicides used for seed treatment are agrosan GN, ceresan, Agrosan 5W and Zineb with the dosage of 2.5 gram per kg of seed.
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Smut diseases of sorghum

There are four types of smut diseases on sorghum that are loose smut, covered smut, head smut and long smut. The first three smut diseases are common in Ethiopia.

1. Loose smut of sorghum 

Disease causing organism 

· Sphacelotheca cruenta 

Symptom 

Infected sorghum heads are characteristically loosen, bushier and of a darker green color than normal ones, due largely to hypertrophy of the glumes, which may exceed 2.5 cm in length. In some varieties awn development may be completely suppressed. 

Normally all florets of infected heads are smutted and sori can, also occur or the rachis and branches of the inflorescence. Both pistil and stamens may be converted in to a conical smut sorus. Loose smut sori vary considerably in size, about 3-18X2-4 mm, and are often long and pointed. The enclosing membrane usually ruptures before the infected head emerges, and is thus rarely to be seen in the field. In the center of each sorus is a solid, narrowly conical, curved, pointed columella extending about the length of the sorus. Plants attacked by the pathogen invariably head prematurely, often 2 weeks before normal. Increased tillering is also shown by plants attacked by loose smut. If the sorghum head is infected by air borne spores later in the season, there will not be stunting reduction in diameter and leaf width because of the restriction to the inflorescence only, though the pathogen is systemic. 

The fungus is a systemic pathogen and spore masses replace the individual grain. The spores are round to shortly elliptical or slightly irregular in shape, dark to olivaceous brown, very minutely echinulate, and measure 5-10 mm in diameter. The optimum temperature for spore germination varies between 25-30oc.
Disease development 

During maturation, harvesting and threshing grain from fields containing smutted plants becomes contaminated with loose smut spores. The spores retain viable for 4 years when kept dry. When such seed is sown the young seedlings are penetrated by infection hyphae produced by these seed borne spores, before the seedling emerges from the soil. Infection of seedlings occurs at the time of germination of seeds and before emergence of seedlings. Entry in to the seedlings takes place through the radicle, mesocotyl or hypocotyl. There after the pathogen grows with in the infected plant and ultimately sporulates in the smutted heads. The pathogen is also soil and air borne fungus.

Economic importance 

Plants attacked by the fungus produce few or now healthy heads and little grain. Plants are stunted and their forage value reduced. Percentage infection in the field is often less than 10%. The pathogen reduces stalk diameter, plant height and leaf width.

Control 

· Seed treatment  with suitable fungicides

· Use of clean seed from cobs free from smut sori 

· Crop rotation and field sanitation 

· Use of resistant varieties  

2. Covered kernel smut 

Disease causing organism

· Shpacelotheca sorghi

Symptom 

The distinguishing symptom of covered smut is the appearance of smutted heads. In infected heads the individual grains are replaced by smut sori. Some times nearly all the grains are affected, but frequently a head may be only partially smutted. Each grain is transformed in to a spore sac (sorus) which varies in shape and size according to the variety of the host crop.

The smut sori may be localized at the top, bottom, tip or side of the infected head. All or some of the heads borne by an infected plant may be smutted and primary heads may be smut free whilst secondary heads developed after putting back may be smutted. 

The individual smut sori (smut balls) are oval, cylindrical or conical in shape, whitish to grey to brown in color and about 0.4-1.2X0.2-0.4 cm in size. The soral membrane (peridium) is thicker and more permanent than in loose smut. It may persist unbroken until threshing, in others it ruptures fairly easily. In some varieties of sorghum, the shape and size of smutted grains is not affected and elongated sacs are not formed but the grain is full of smut powder. Such sori easily escape notice and are a dangerous source of contamination of healthy grains during threshing. In such cases the covering of the sorus is generally reddish.

Disease development 

The pathogen is externally seed borne and seedling infection occurs at the time of germination and emergence of seedlings. Seed becomes contaminated by air disseminated spores when the smut sori rupture in the field. Especially during threshing the sori are broken and the spores get logged on the surface of healthy seeds. They remain dormant until the next season when they germinate with the germination of the seed. The infection can take place only during the period between germination and emergence of seedlings above the soil surface. The germ tube enters mainly through the mesocotyl. The pathogen growing there after with in the plant and ultimately forming its smut sori in the inflorescence.

Economic importance  

Covered smut causes greater overall grain losses. Infected heads are often more or less completely smutted and produce little or no grain, but partial smutting is common. There is a wide variation in the degree of infection and losses attributed to a loss of 10-50% are common in many countries. The disease reduces stalk diameter and leaf width, leading to reduced forage value.

Control

· Sowing clean uncontaminated seed 

· Seed dressing with protectants such as Formalin , copper sulphate solution, copper carbonate, powdered sulfur, organo mercurial Compounds, Thiram, Chloranil and Dichlone.

· Adjusting sowing dates

· Use of resistant varieties 

3. Head smut of sorghum 

Disease causing organism

· Sphacelotheca reiliana 

Symptom 

Infected sorghum plants are somewhat taller than the healthy ones and also mature earlier. The first signs of sorghum infection appear at heading time when the young head with in the enclosing “boot “is seen to be completely replaced by a large whitish gall. Sometimes the head may be only partially infected, the smut free portion being sterile and sometimes developing in to a leafy shoot. Very often all the heads of an infected plant become smutted, but sometimes the upper panicles escape although usually remaining sterile.

The smut galls (sori) on sorghum may be large, up to about 10-15 cm, irregularly oval or pointed at the apex, at first covered by a whitish grey membrane of the fungus. This often ruptures before the head emerges from the boot exposing a mass of dark brown black powdery spores. The spores are blown away by wind leaving the dark net work of fibers. The sori of head smut are very characteristic usually they completely replace the head so that little evidence of its original inflorescence structure is apparent.

Disease development 

The pathogen is mainly soil borne and to some extent seed borne, infection usually taking place at the seedling stage, that is from seed germination up to four leaf stages. The plumule is more susceptible than the roots. The hypocotyls are more severely affected than the coleoptiles. The infection site on all organs is the meristematic region. There could be a rare floral infection. Inoculums potential in the soil, soil temperature and soil moisture content determine seedling infection. Infection is favored by high soil temperature and by low soil moisture. The spore mass consists of numerous chlamydospores intermingled with sterile cells. The spore balls readily break up at maturity. The fungus is systemic with in the aerial parts of the plant. Best spore germination occurs between 27-31oc

Economic importance 

The disease does not involve serious over all crop loss to sorghum. Only relatively few plants are infected in general. In some areas, the disease may cause severe damage where by from 10 to 60% infection. There is reduction in stalk diameter and fodder value.

Control

· Collection and  destruction of smutted heads before spore release

· Use of disease free seed

· Seed dressing to avoid seed borne spores such as copper carbonate and organomercurials 

· Soil treatment with fumigants ex. Chloropicrin

· Use of resistant varieties 

4. Long smut of sorghum 

Disease causing organism

· Tolypesporium ehrenbergii 

Symptom 

The disease is not systemic and does not affect the general growth of the host plant. The fungus is restricted to a varying number of grains in the sorghum head. The infected heads are scattered. The pathogen is wind borne and it produces only floral infection, near the top of the head. Individual and only few grains are transformed in to smut sori. Each sorus is surrounded by healthy grains. The sori (spore sacs) containing the smut spores are cylindrical, elongate, usually slightly curved about 0.4-0.5 cm in diameter and 1-2.5 cm in length, with a relatively thick, light yellowish brown enclosing membrane composed of fungus tissue. This membrane eventually splits open from the apex down wards to reveal the solid spore masses and expose a bundle of 8-10 dark brown filaments. The spore sacs are longer and wider than those of the covered smut.

Disease development 

Infection does not occur by either blossom or seed inoculation although there is a report that wind borne sporidia cause infection through flowers. The sporidia produced by soil borne spore balls are carried out by winds to the buds and initiate a systemic mycelium which later expresses itself in the heads and there by initiate infection. Infections of the young flowers occur before or during their emergence from the boot. The ovary is converted in to smut sorus in the same season. Continuous cultivation of sorghum in the same field is said to increase the incidence of this smut. There is possibility of the primary inoculums being introduced from some alternate host. Seed borne spores can be the means of introducing the disease to new areas.

Economic importance 

The damage caused by long smut on sorghum varies from country to country and causes between 2-60% crop losses. Although not perhaps a major disease of sorghum it can be severe locally, usually not more than 10% infection of the head.

Control 

· Destruction  of smutted heads before spore release 

· Crop rotation 

· Selection of sowing seed from uninfected fields

· Modification of sowing dates 

· Use of resistant varieties 

· Seed treatment with copper carbonate and other seed dressings
Disease of rice

1.Blast of rice 

Disease causing organism

· Pyricularia oryzae 

Symptom 

On the leaves symptoms first appear as small bluish flecks about 1-3 mm in diameter. In older leaves they remain circular but on young leaves they enlarge up to several centimeters long and 1 cm broad. By this time the central portion of the lesion becomes pale green or dull grayish green and water soaked in appearance. The outer rim is dark. In older leaves the center becomes gray or almost straw colored. Similar spots are formed on the leaf sheath. Brown to black spots or rings is formed on the rachis of the maturing inflorescence. Ears may also show similar spots. A distinct characteristic of pyricularia infection is a gray, fluffy mycelium which is to be found in the rolled leaves between the sheath and the stem, and often also between the glumes. If the panicles are attached before the grains are filled out, they remain erect, but when the infection occurs after some of the grains have already filled, the panicles drop and hang loosely, or they break off completely at the site of infection on the stem, giving rise to the name  "rotten neck". Infected grains are limy, greenish or brown.
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Figure -1 Damage symptoms of Blast of rice-Pyricularia oryzae
Disease development  

The conidia and hence the disease, too are spread by the wind. One common method that had been suggested is survival through infection of collateral hosts such as sugar cane and digitaria. The germ tubes first produce appressoria on the epidermal layer, and then penetrate through the stomata in to the interior of the leaf. The conidial flight chiefly takes place at night time or on cool days when the sky is overcast. The development of this disease is stimulated by irrigating with water which is too cold, by peaty soil, sandy soil and soil containing volcanic ash, also by using too much nitrogenous fertilizer. The fungus overwinters in the conidial or the mycelium stage on straw, wild grasses and infected seeds. The mycelium is found under the glumes in the endosperm or in the embryo of the rice grain. The initial symptoms of the disease are not always alike. In certain areas, 
Leaf infections are always observed first while in others the symptoms of “rotten neck" gives the first indication of an out break of the disease.

Control

0.1% ceresan wet seed dressing (100 g product /100 liters water) should be sprayed as soon as the first symptoms appear. The spray must be repeated two or three times according to the degree of infection.

2.Brown leaf spot of rice 

Causal organism 

· Cochliobolus  miyabeanus 

Symptoms 

The symptoms of the disease appear on the stalk, the leaves, the leaf sheath and also the glumes. On the stalks the spots are brown, small and circular or oval. When the stem is attacked immediately below the panicle symptoms of rotten neck appear. On the leaves the spots vary in size and shape from minute dots to circular, eye shaped or oval lesions measuring 1-14X0.5-3 mm. They are distinct and isolate, usually fairly scattered over the leaf surface. The smaller spots are dark brown or purplish brown. The larger spots are dark brown at the edge but towards the centre they may be pale yellow, dirty white, brown or grey. Some times the spots are surrounded by a yellowish halo and may coalesce and become irregular in shape .Badly affected leaves turn brown and dry out. The symptoms on the leaf sheath are similar to those on the leaf. In early and severe attack the head may fail to emerge from the sheath and perish with out developing fully. When heads emerge they are distorted in various ways. Lesions on the heads first appear on or near the lowest joints of the rachis. Black spots appear on the glumes. These gradually spread over the entire surface as dark brown or olivacous sporophores of the fungus form on the lesioned areas. The seeds are some times shriveled and discolored.
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Figure -2 Damage symptoms of Brown leaf spot-Cochliobulus miya beanus
Disease development.

The germ tube from the conidium preferentially attaches to thin walled bulliform cells of the rice leaf, within a few hours, the tip of the germ tube swells to form a lobed or branched appressorium, from which peg like tubes and the appressoria are surrounded by a matrix of extracellular thick mucilaginous material which enable it to adhere to a hard surface. The adhesion resists washing from the leaf surface. The appresoria are none pigmented. The direct penetration of the leaf is mainly by enzymic action aided by mechanical pressure. Infection through stomata with out formation of appressoria may also occur. The hyphae then spread to the intercellular spaces of the mesophyll. Lateral spread is checked by the vascular bundles which have to be penetrated if the fungus has to pass beyond them. This doesn’t occur in highly resistant varieties. Symptoms may appear with in 24 hours of inoculation. From a single leaf spot, clusters of hyphae may arise which under humid conditions produce succession of conidia, each one being produced at the tip of the conidiophores which continues its growth onward at a slight angle to produce a fresh fertile tip and new conidia. The best development of spots occurs in shade and highly humid or in a cloudy weather with high humidity and high temperature. Sunlight retards the growth of the spots.

Control 

· Treatments of the seed with ceresan wet or dry seed dressing. 

· Spraying emerging seed and rice fields with 0.1% ceresan wet dressing (100 gm product/ 100 Litters water). 
· Applying ceresan slaked lime, at a dosage of 200 gm product per 100 sq. meters in the nursery bed, and 20 to 30 kg product per hectare in the paddy field. 

3.Sheath Blight of Rice 

Causal Organism

· Corticium sasakii 

Symptoms 

Yellowish, ellipsoid spots, about 10 mm long. Which rapidly enlarge and may reach 2-3 cm in length and assume an irregular shape, appear on the leaf sheaths and later on the leaves themselves.














 
The centre of the spots becomes white with brown or purplish. After a time the margins of the spots become blackish brown, and the centre changes to a greenish grey to grayish white. In the grey zone of the spot centers, nodules are occasionally to  be found, which are approximately 1mm long and usually of an irregular pattern at first these nodules are colored white, and then change to reddish brown or dark brown many such spots become confluent, giving a characteristic banded appearance outer leaves may fall, plants look yellow and may ultimately wilt. In favorable weather infection may spread up the culms, killing  the entire leaves. On the surface of the lesions and sometimes on the inner surface of the sheath and on the culms brownish silky wefts of mycelium are present. The wefts produce brown or dark sclerotia which eventually fall on the ground.
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Figure 3- Damage symptoms of Sheath blight of rice-Corticium sasakii
Disease development 

Those weeds in and around the rice fields, in water channel, and in irrigation ponds may serve as a source of primary inoculums of the fungus. In addition to the weed hosts and infected seed, the fungus mainly survives as sclerotia or mycelia in diseased plant debris left in the field. Sclerotia and mycelia which survive in plant debris are brought up on the soil surface during paddling, leveling and other operation. They come in contact with new planted seedlings germinate and cause infection. The fungus forms infection cushions and/or lobulate appressoria which penetrate through the cuticle or stomata. After infection, mycelium moves up the plant by surface hyphae and develops new infection structures over the entire plant. The pathogen becomes aggressive when suitable temperature and moisture conditions are available. Exposure to sunlight inhibits infection, mycelial development and sclerotia formation.

Control

Cultural 

· Keeping the hosts at the minimum with in and around the rice fields 
· proper sanitation is maintained by removal of stubbles of a badly affected crop 
· Rotation with non-cereal crops and avoiding close planting.

























Chemical 

Bavistin and Benlate are the most effective chemical for controlling this disease. Bavistin at the rate of 1g per liter water sprayed 2-3 times for rice plant on the field. Or Bavistin at the rate of 2g/kg seed for seed treatment. The best time for treatment by chemical is between the panicle formation and just before emergence of ear heads. The second sprays should be applied 10-14 days after the first spray.

Disease Of Maize
1. Leaf Blight

Causal organism




-Helminthosporium turcicum

Damage

Most commercial varieties of sweet corn are susceptible. The loss can be more than 20% of the crop in some countries. If high humidity and low temperatures are prevalent during the growing season; it may cause significant economic damage, mainly when the infection coincides with the silky stage.

Symptoms
· Recognized early in the season by the slightly oval, water soaked, small lesions produced on the leaves.

· These lesions grow in to elongated, spindle shaped necrotic lesions.

· Lesions appear first on the lower leaves and they continue increasing in size and number as plant development progresses until a complete burning of the foliage is conspicuous.

Disease development
The pathogen survives between growing seasons in crop refuse in the soil. In wet weather, sporulation is abundant on old stalks and the conidia are splashed or blown, hence to young maize plants. Spores germinate by producing germ tubes from the polar cells.

Emergence may be either through stomata or by direct penetration of the cuticle. Once enter inside the leaf, the fungus grows inter-cellular and kills the parasitized cells. Spores are produced about two weeks after the onset of infection. Secondary cycles proceed throughout the growing season. The fungus is favored by wet weather. Water in the form of splashing rain, is the agent of dispersal and free water is required in the infection court for spore germination. The disease develops most rapidly at 20 degree centigrade and below.

Control

· Field sanitation and crop rotation eradicates the disease.
· Spraying or dusting with fungicides as protective measure 
Ex. Maneb or Zineb applied at 5-7 days interval throughout the growing season, starting when the plants are 10-15cm high and is continued until 10-14 days before harvest.
2. Smut of Maize
Causal organism




-Ustilago maydis

Symptom

· The fungus induces gall formation on infected tissues. The extent of damage depends up on the site of galls.
· When the galls formed on the cobs, they cause extensive damage. These galls may also appear on the stem, leaves, axillary buds and parts of the male flower.
· On the whole, they appear more commonly where ever embryonic tissues are present.
· As the galls are enlarging, they appear light colored to almost white. With the darkening of inner tissues due to spore formation the white outer membrane (epidermis) ruptures and exposes the black spore mass.
· Each individual tumor usually starts from an independent infection at the site where it is formed.
· Stem galls result in loss of yield and bending of the stalk.
· Infection of female flowers gives rise to galls instead of grains.
· If seedlings are affected they remain stunted and weak.
· Late development of galls may sometimes kill the entire plant or plant parts.
· Deep seated alterations may be caused in the inflorescence as a result of infection.
Disease development 
The pathogen is carried over on the seed coat but this method of perennation and spread is not responsible for most of the infections. Manure heaps and crop refuse are the chief sources of harboring the primary inoculums. Having a strong adaptability to saprophytic life, the fungus can survive on these sources and produce infective sporidia at the suitable time. Infection of the host occurs during the period of vegetative development. Maize ears are susceptible to infection by the fungus from silk emergence until 8-14 days after emergence. During this period incidence of ears with galls decreases as the silks age.










Systemic infection in the late seedling stage has also been reported but local infections of exposed embryonic tissues are more common. Once the tissues have ceased growth and have reached maturity, the infection can not occur. Mature stems may be infected if there is mechanical injury to the tissues. On infection by sporidia the host tissues are induced to grow in to galls. The mycelium in the galls is intercellular during most stages of gall formation. Before sporulation the enlarged host cells are invaded then they collapse and die.

CONTROL

· Crop rotation.

· Field sanitation and seed treatment may be of considerable help to reduce the incidence of the disease 

· The use of resistant varieties results in the best management of the disease.

· Rouging of diseased plants before the smut galls raptures.

· Fungicides sprays give only limited success as control agent. However,carboxin+thiram and benomyl have given systemic protection in to the growing season.
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