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A. Teaching Schedule (Theory)
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Lecturec Topics to be covered

No.
Plant disease concept and econonmic importancc

283 History and development of Plant Pathology.
Causes and types of plant diseases and their classification
Symptoms and signs of plant diseases.
Introduction to plant pathogens, morphology and reproriuctin-i
fngi

Variability of plant pathogens.
Parasitism, perpetuation and disease devclopment.(le chen)

Dissemination of plant pathogens.
Predispositíon and cfscct of environment.
Introduction to epidemiology.
Plant disease forecasting.
Principles of plant disease control
Exclusion including PEQ and Eradication.

&
10

14
15&16 Plant protection
17 Disease resistance.

Teaching Schedule (Practical)
Titlc of exercise

B.
** *

Exercise
No.

Study of a typical bread mold fungus.
Morphology of fungi (Vegetative structures).
Reproductive structures and spore fruits in hungi.

Symptoms and signs of plant discases.
Examination and identification of plant discases and plant pathogen
Isolation of plant pathogens on culture medin.
Methods of inoculation and Koch's posiulates.
Acquaintance with different groups of fungicides and physical meai

of controlling plant diseases.
Study of fungicides, fungicidal formulations, preparation of comm

fungicides and their application.
Study of plant protection appliances.

Methodsof díscaseappraisal and crop lossasscssment.

2 & 3
4 8 5
6&&7
8 & 9

10
11

12 & 13

14 & 15

16

17



Introduction to Principle of Plant Pathology by R.S. Singh. ou

IBH. Publ. CO. New Delhi. 1996.
Essentials of Plant Pathology by V.N. Pathak. Prakash Publ. .Ja

1972.

Text Book Recommonded:,
ur,2.

Plant Pathology by 0.N. Agrlos. Fourth Edn. Acad,. Press, New Yor.
1997.

3.

ntroductory Mycology by C.J. Alexopoulas, C.W. Mims and M.

Blackwcll. 4th Ecdn. Willey, New York, 1996.
Introductory Mycology by M.N. Kamat, Prakash Pub, Pune, 1967,

Mims and M.4.

S.

C. Lesson Plan

Lessonn Topics to be covered
No.

Plant disease concept and economic imnportance: Introduction and
development of concept of Plant "Pahology. Definitions of plant
disease by various scientists. Interaction between the host, pathogen
and environment. Various branches of Plant Pathology, Economic
importance. Welknown epiphytotyics and losses caused by plant
diseases.
History and development of Plant Pathology I. History and
development of Plant. Pathology in ancient, dark, premodern, modern
and present eras.

Contributlons

2 & 3

made by Surapal, Theophrastus, Pliny.II.

lbnalawan and others, Robert Hcok, Anton van Leeuwenhoek,
Needham, Linnaeus, Tillet, Prevost, Robert Koch, Marshai Ward,
Millardet, Meyer, Jensen E.F. Smith, Erikson, Biffen, Iwanowasky,
Stackman, Cragie, Luthra, Stanley, Bowden, and Pierie, Doi and
Asuyama, Butler, Mehta, Mundkur, Dastur, Kulkarni, Bhide, Uppal,
Thirumalachar, Patcl, Rangaswamy and Patel.
Causes of Plant dscascs and Their Classification : A Causes: I.
Parasitic causes ungi, slime malds,
phanerogamic parasites, protozoa, viruses and nematodes. II. Non-
parasitic causes Environment, defciency, soil conditions andchemical injurics. B. Classification of.plant diseases I. On thhe
basis of occurrence, sprcad,. severity and periodicity: Endemic,epiphytotic, ' pandemic and sporadic. Il. Group of hosts affected:cereal diseases, vegetable diseases IIl. Plant parts affected: Rootdiscascs, stem discases. V, On the.basis of pathological effectNecrosis, hypoplasia, hyperplasia, wilt, cankers, rots, blights etc.Symptoms and signs of plant diseases: A. Defin i. tions o
symptoms and signs. B. Types of symptoms' : I. Hypoplasia

4

bacteria, phytoplasmama

5



iii

Hyperplasia and II, Necrosis.
Introduction of plant pathogens, morpholory and reproduction : A6
Introduction to plant pathogens viz. hncterin, phytoplnsma, viru ses,
fowering plant, parasitcs, protoza and nematodes. B, Reproduction
in fungi : Ascxual and sexual methods. C. Sporc fruits in fungi:
asexual and scxual fruits.
Parasitism, perpetuation and discasc devclopment: A. Parasitism,
types of parasitism: ' B Perpetuation: Mode of perpetuation of

pathogcn facultatism by dormant mycelium, by sclerotia,
polymorphism, physiologic specialization. C. mechanical presasure,
production of cell wall degrading cnzymes, avenues of penctration
inside the host, direct avenucs, indircct avcnucs.

7

Dissemination of plant pathogens: A. Continuous dissemination
Autpnomous dissemination

.
Role of air or. wind, water, ànimals,

birds, insects, nematodcs and mites in disseminntion of plant
pathogens. B. Discontinuous dissemination : Man, sccd, soil and
agricultural operations as agents of dissemination of plant
pathogens.
Predisposition and effect of environment: A. Mete.orological factors:
Temperature, humidity, precipitation, dews, light, hail storms, ctc.
B. Soil factors Soil tempcrature, soil moisture, soil conditions, pH,
nutrient deficiencies in soil, etc. C: Biological factors : insect fauna
and soil flora.

8

9

.

Epidemiology: A. Definition B. Simple interest and compou nd
1.

10
interest discases. C. Essential conditions for epiphytotics
Distance of susceptible plant from the source of primary inoculu rm,
2. Abundance of distribution of susceptible host, 3. Disease
proneness in the host, 4. Presence of suitable alternatc or collateral
hosts for survival, 5. Prcscnce of aggressive isolate of pathogen, 6.

High birth rate of the pathogen, 7, Low death rate, 8. Easy and rapid
disposal of the pathogen, 9. Adaptability of the pathogen' and 10.
Optimum weather conditions. D. Declinc of epidemics: Saturation of
the pathogen in the host population, rcduction in the aggression ol

the pathogen and decline in the host.
Plant discase forecasting: A. Methods of discasc forecasting. B.
survey and survellence, C. Forecastirng model. D. Satell ite
imaginary forecasting.
Variability in plant pathogens: A. Variability among the pathogc ns
(Viruses, bacteria, fungi). B. Viruscs : Mutation, hybridization. C.

Bacteria: Mulation, conjugation, transformation and transductiOn.
D. Fungi: Mulation and hybridization.
Principles of plant discase control: A. Exclusion of inoculum. B.
Avoldance of pathogen. C. Eradication. D. Protection. E: Disea se
resistance

11

12

13

14 Exclusion including PEQ and Eradication: A. Plant Quarantine
Domestic, international, secd certification B. PEQ. C. Eradicatiorn:



1. Removal of plant parts and sanitation. 2. Eradication of alternatee
hosts. 3.Destruction of collateral host. 4.Rogueing and 5.Culltural
Practices.

By physical methods heat, steam, hot water,
solar heat, etc. B. By chemical methods :Fungicides. , C.
Classification of fungicides: Sulphur fungicides, copper fungicides,

15& 16 Plant Protection:A.

merciuTy fungicides, organomercurial fungicides, systemic
fungicides. D. Methods of application of fungicides : Seed treatment,
soil application,
biological means : biocontrol agents.
Disease resistance Types of resistasnce Monogenic, oligogenic,

polygenic, horizontal, verticalandenvironmental resistance.

byspray/dust application. E. Plant protection
17

D. WEIGHTAGES
Sr. No. Topics Marks

Plant disease concept and economic importance of plant
diseases.

4-61

4-6History and development of Plant Pathology.
Causes and types of plant discases. Symptoms and signs of
plant diseases.
Introduction to plant
reproduction in fungi and bacteria.
Parasitism,

dissemination of plant fpathogens.
Epidemiology, predisposition and effect of environment on
plant disease development.
Plat diseuse forecasting and variability amon the

2
6-73

pathogens, morphology and 6-7

disease development 4-5and5 perpetuation,

6-76

4-57
pathogens.
Principles of plar:t disease control1 6-78

40-50



NOTES ON- INTRODUCTRY PLANT PATIIOLOGY

coURSE No. PATI-231 Crodlt: 14 1 2

(Notcs prepared ns per thhe Tenching Schcdule Finalised during 2nd
mccting of reviewing syllabi ot U.G, (oursCs in Plant Pathology & Agril,
Microbiology held. at K.K.V. Dapoli and minutes circulated vide lettecr No.HOD/PPAM/U.G./Syl./637/ of 2O00 dt. 30-8-2000 from by thc offlce of theHOD/P1. Path. 8« Agrlcultural . MicrobloloAY, M.P.K,V, Rahurl.)

INTRODUCTION
Plnnt Pathology: Plant..Pathologyor .Phyotopathology is thc brnch cfagricultural, botnnical or blolOglcnl scicncc which dealz

with Uh cnuse, etlology, Tesultlng losses and control of .

plant diseases. SAd», . Ccau. d s.ount)

objectives ofPlnnt Pathology
Tostudy_the living, non-living and environmental causcs of disease or

disorders in plants.
To Studythe mcchanism(s) of discase development by pathogens.
To study the interaction betwcen the plant and the pathogen in relation
to the overall environmcnt.

3.

4 To devclop systcms of management of the discascs and rcducing thc
losses causcd by discascs.

BRANC¥IES OF PLANT PATHOLOGGY

Mierobiology: It is thescience dealing with study oknicroorganismis)from
animals and protists kingdoms suchi as molds, ycasts,
bactcria, viruscs, algnc, protozoa, nematodes. etc.

'
It is the science that cleals with the study ofungiand their
life cycles.

Mycology

Bacteriology It is the science which deals with the study of bacteria.

Virology: It is the scicnc: that cleals with 1hc stucdy of viruses.

Nematology: It is the scicnce that deals with the studly ofnematodes.
* *******

hatis Plant|Disease?
When a plant is suffcring, we callit discascd) However, this does not

definc the term discase Often the symptoms produced by a disease, the
cause of a discasc, and the injuries causcd to the plant have becn considered
synonymous with the term discase. However, they signifly only the condition of

the plant due to disease or the cause of the diseasc.



When something is fiunctigg poorly in the body, wc come to
"discasccPinnt disense: issick, hence

that is caused by continuoui ssthe decision that wve arc
malfunctioning proce33
irritation which results in suflering. It is a pathological

process. (Horsfall and Diamond (Plant Pathology, Vol. I.

1959).

Discase is a malfunctioning process that is causcd by

Continuous irritation, which results in some sulfering
(Accepted

Plant disease:

Americanby
the British Mycologicalsymptoms.producing

Phytopathological Socicty and
society).

When a plant is diseased, it is a * dis-ease". It means that the plant is
neasy duc to some conditions to which its system is not accustomed.

THE IMPORTANCE OF PLANT DISEASES
Plant discases are. important because of the loss they tausp. The loss.

can occur în the field or in thc store and at any time betwcen šowing and.
Consumption of the harvest. In India alone crop discases arc dcstroying foodgrains and other products of the tune of more than Rs.. 5,000 crores Cveryyear. The microorganisms destroy perishable food materials in the store.

In the history of mankind, plant discases have bcen connectcd with aniinber of important events.

ate Blight epidemicofPotato n1845| this discase destroyed thei-potato crop of\Ircland and caused faminas the potato crop was the staple diet ofthe England, Ireland and certain parts ofcontinental Europe.
This famine reduced thepopulation of 80.
lacs to 60 lacs in Ireland.

na

Wheat rust epiphytotic: In many countries, wheat nust appeared
in epiphytotic form time to time. This
disease forced the farmers in manyparts
of the World. tochange their cropping
patterns.

In Northern and southern Europe- wheat bread is more common, incetral Eürope, rye bread is common, in southern parts of U.S.A., people catTiaze bread, while in northern U.S.A., whcat bread is more common. ThcTEESOns for this food habits is that in these parts whent does not grow #edue to zust and the farmers grow maizt or yc.



Helminthosporlum lenf spot ofrloo (ongnl Fanmlno):Durlng 1943, Hclminthosporium lcat spot liscasc caused a faiminc ducto serere loss in yicld of riçc.

Coffee rust: n 1867 coflec rust atlucked thc plantations in Sri Lan Ikaandreduccd yicld Trom 228 kg/acrc to 101 kg/acre.. By1893 the cxport of coflcc was reduccd by .93%. Thceconomic crisis forcccd thc plantcrs of cut down coffccplants and take to tea planting.

In addition to dircct losses in yicld and inonetary rctuins, the plantdiseascs affect thc socicty in many other:ways.When fodgrains are altaclked. by. fungi, tlhey may contain toxins (c.g.aflatoxin) which causc insanity, paralysis;: stomach disorders, ctc. in humanbeings and animals.

Canses of plant disenses
(A pathogcn is constantly associatcd with._a_discasc. _(The worldPathogcn' can bc broadly {defincd as any agent or factor that incites"Pathos"or.diseasc in an organisi.

The plant pathogens can be grouped under the following categorics.A. Ablotic Factors :(Non-living:
Deficiencies or cxccsscs. of nutrition- c.g. Khaira discase of riccLight
Moisture

ii)

iii)

iv:"Aeratiön- c.g. Hollow heart of potato
Abnormalities in soil conditions

vi Atmospheric impurities- e.g. mango tip rot
Mesobiotic causes: (Neither living nor uon-llving)i) Viriods: Naked, infectious strands ofnucleic acid. c.g. spindlc tuber

B.

of potato, cirtus cxocortis.
ii) Viruses:These arc infectious agents made up of one type of nuclcicacid (RNA or DNA) cnciosed in a protein coat e.g. Leaf roll ofpotato, Leal curl of tomato and chilli, mosaic discases ofcrops.

PdicleBiotic causes: (Livlng, Animate or cellulur organisms)
I. Prokaryotes

1. Mollieutes: These are wall less prokaryotes that includeMycoplasma like-organisms (MLO) and spiroplasnas.Diseases
sugarcane, little leaf of Brinjal, Sandal spike, bunchy
top etc. Diseases cause by spiroplasmas CitrusStubborin, com stunt..

caused by MIO- Grassy shoot of



2. Rickettsia - ke bacteriu (RLB)- Thesc are very small somctimt ssub-microscopic, walled bacteria e.g. Citrus greening.3. True bacterin: e.g. Brown rot/ wilt of potato, soft rot of potato ancd
vegetables, leaf blight and lenf streak of rice, citruscanker, s'cane ratoon stuning.

Enkaryotes:
Fugl: c.g. potato wart, club-rootof cabbage, leafblight of potato,

I1.

downy and powdery mildew diseascs.Protozoa : c.g. Hçart rot of coconut-palm, phloenm necrosisof collee.
3. Alga: e.g. Redust ofmang0, papaya etc.
4. Hetaroan animals: Nematodes- cig. Root knot of vegetable crops,

molya disease of barley and wheat, Ear cockle
ofwheat, citfus decline

5..Flowering plant parasites: c.g. Doddcr, Striga, Loranthus

DISEASES AND THEIR CLASSIFICATION

Disease isnotthe cause but itis the result.duc tocause. The diseases
may be infections or noninfectious. Plant diseases can be classified on the
basis of (1) cause, 2) Group of hosts affected, 3) Parts of plant affected 4)
pathological effects on host 5) Gross ciect produced on host (symptoms) 6)
DcCurrence, spread,periodicity and severity.

According to m ajor causal ugents..
Non-infectlous or Non-prrasitic or Physiological.disenses.

These diseascs remain non-iníectious and cannot be
transmittcd from one diseased plant to another healthy plant.
These diseases are due to disturbances in the plant body caused
by..

aLack of properinherent jualities
(b) Improper environmental conditions of soil and air
(c) Injurious mechanical insluences
(d) Low and high temperature
(c) Unfavorable temperature
( Unfavoruble oxygen relations
(g) Unfavorable soil moisture and pH
(h) Presence of toxic gases in the atmosphere
(i) Lightning injury
G) Mincral excesss and deficiencies in the soii
(k) Absence or excess of light

e.g. Tip rot/ Necrosis of mango. fruits, Black heart of
Potatocs, Tip burn, Dakhina, Khaira diseasesof paddy.



2. Infectious diseases:
Thesc are diseases which arc incited by foreign organisms orviruses under a, set of suitable environments. There 'is a deliniteassociation of pathogens with these type of diseases.

(a)Parasitic diseases: Fungi, bacteria, mycoplasma, algae,
phancrogams (flowing plant pårasites).(b) Virus diseases : (Virus= Poison/Venum)

Group of}iosts affeoted: e.g. Cereal diseases, vegetable diseäses etc.Plant parts afected : e.g. Root diseases, stem diseascs, leaf diseascsS.Pathological effects on hosts :c.g.Nccrotic, hypoplasuc,nyPePsidiseases.,
Gross effect .produced on host: e.g. wilts, cankers, 'rats, blightsNecrosis Hypoplasia, Hypcrplasia.
Classiication on the basis of occrrence, spread, perlodicity andseverity: Parasitic and virus. diseasesare often clasified in relation totheir ocCurrence and severity.

Endemic diseases: When a disease is more or less conistantly presentfrom yeartoyear.ina-moderate fom, it is classified asendemic i.e. whenthe host.and the pathogen reach a state of biological euilibrium and thecassociátion assumes apparently.harmless characters. 'All such diseaseswhich become persistent through their: survival on alternate or wild hosts,wart of potato is endemic in Darjeeling.) from one crop season to the nextare also inciudedin this group.
2. Epiphytotic diseases: when the diseases occur involving suddenoutbreaks periodically e.g. wheat rust, powderymildew of grapes, Downymildew and ergot of Bajra. The pathogen may be more or less constantlypresent as in endemicdisease but the.environmental conditions favourableto the development of disease occur only periodically.
3. Pandemic dieases: when the epiphytotic disease spreads throughout thecontinents or sub-continents and results in mass mortality or damage. e.g.black stem rust ofwheat in India in 1947, Late blight of Potato in Europein 1845.
4. 8poradic: When the discase occurs at very irrcgular intervals andlocations and in relatively few instances i.c. it affects indviduals within a

Corp. e. g. Long smut.of Jowar.

II.
III

V



HISTORY AND DEVELOPNENT OF FLANT PATHOLOGY

evelopment of plant pathology is closely linked up with the
progress of Botany. As a science, plant pathology had its beginning in nidde
oI 19th Century. Until then the early workers concerned themsehves more wit

observations and systematic arrangemernt of diseRses.
History of plant pathology is divided into different five erns..

Ancient Era: From ancient time to 5th century (*76 A.D.)
2. Dark Era : 5th Century to 16th Century (476 A.D. to i60)
3. Pr-modern Era: 17 th Centruty to 1853 (1600 to 1853)
4. Modcm era: 1853 to 1906
5. Present era; 1906 onwards

Ancient Era: Diseases in plants have beèn known since ancient times.
Rusts, bights, mildews, smuts were familiar to Hedrews, Greeks, Romans,
Chinese and Indians. In this period though the observations on the plant
disease. accurrence were perfect, the interpretations about the causàl
agents ,and environmental relations were based on unsound anaysis of
facts and infuenced by superstitions and religious dogmas. Rigveda,
Atharveda (1500-500 B.C.), the Arthashashtra of Koutilya (32 Hs6 B.C.),
Sushrut Sanhita (200-500 A.D.), Vishnu Puran (500 A.D.), Agripuran (500
700 A.D.) Vishnu Darmottar (500-700 A.D.).etc. are ancient Indian Books
where plant diseases and other enemies of plants have been mentioned
along with the methods to control them.

.The
discases)
Supposed to be due to disorders in the system of the plant while externai
diseases were supposed to be due to attack of micro-organisms and
insects. Hygiene, tree surgery, protective covering with pastes and special
cuiture of plants etc. were known in ancient India.

diseases were divided into two groups Internal (Physiological
(infectious diseases).and extermal Internal diseases wercc

n chemical treatments use oi honey, ghee, milk, bariey nlour,
pastes. made from herbs, plant extracts, etc. were recommended. For
Control of root diseases oil cakcs of Hahava, mustard, SCsame, castor, etc
were used.

Symptoms of plant diseases are mentioned in the Bible,
Shekespeare's pomes and dramas and other Christüan literature in the

Same manner as they have been mentioned in Hindu nythology, Jataks ot
Buddhism, Raghuwansh of Kalidas and other ancient literature.

300 E.c.: Theophrastus :în his book "Enquiry in to Plants' had recordedd

nis experiences about plant diseases which weTe based on imaginations
and observations, but not on experimentation. e mentioned that diseasess

Occlir spontaniously or autonomously (i.e. without external cause ).



Symptoms of diseases and control of diseases have been mentioneda

in VRIKSHAYURVED" by Surapal in ancient india. Even mention oi

plant diseascs has been made in Buddhist literature of 500 B.C.

100 A.D.Anno domini: In the year of Lord Pliny observed and
described plant diseases and suggested some remedics.
the disease origentated from the plants or from the enviroment. Rormans

had Rubigo and Rubigus as Rust gods..
2. Dark era : 476 A.D. to 16t Centary.

Very little work was done in plant pathology in this period. The science
and learning got a setback ater the fall of Roman empire..
Some Arabians like ibnal-awan described symptoms of many diseases and
suggested some control mesures

1440: Pinting was introduced in Europe and this reflected interest in
learning gf science, arts, literature and commerce.

He beleivcd that

3. Pre-modern Era : also known as Autogenic era (1600 to 1853).
1645: Establishement of Royal society of London where great discoveries

were communiçcated and discussed.
675: Anton van Leeuwenhock: A Dutch worker ground simple lenses

anddeveloped tne first microscope.
1635-1703: Robert Hook :saw scctions of cork and plant tissues with the

help of microscope and showed that plant tissucs were made up of minute
units called cells.

The invention of microscope in 17th century gave vision to the hitherto
unknown microorganisms.

1683: Leenwenhoek : observed bacteria and many other microorganisms
new to the science of microbiology.

1705: Tournfort : classifed discascs on the basis of causes.
1729: P.A. Micheli: An Italian botanist, first time studied many fungi and

their reproductive structures under the microscope and identified spores as
seeds of fungi proving that the fungi originate from their spores.

I743 :Needham : reported plant parasitic nematodes in wheat galls.
1753: Carlous Linnaeus established Latin Binomial System of

nomenclature of plant'and animals in His book "Species Plantarum."
1755: Tillet : A French botanist, proved that bunt of wheat is infectiou1s

and can be controlled by sced treatment. His sced treatment was widely
Practiced.

1773: 2allingar: classified plant discases in to 5 different classes.
1774: Fabricus : (Danish) classified plant diseases in to classes, families

and genera.
1801: Persoon : published "Synopsis Miethodica Fungorum" for

Cassification of fungi and it is the starting point for nomenclature' of
stilaginalcs, Uredinalesand Gastromycetes

h 7 Prevost: A French scientist sugBgested Cu So4 seed treatment 1or

0nt ofwheat. Discovered life cycle of bunt fungus.
1821-32: E.M. Fries : publíshed 'Systema Mycologlea'- chastoing o9

821: Robertson: first used sulphuras fungicide. cnorendakue



The theory of spotancous gencration continued to be dominant up to the
first half of 19th Century. Workers like Unger,.Mayen,.Lcibig, supported this
theory. Unger believed that diseases in plants were the results of, intcrnal
disturbanccs in the physiology of the plants. This is known as Autogenie or
Pyslologie period since the thoughts of the period on plant diseases were
sincy physiologic with a tendency tovwards the mythology.At the end of the
period, microorganisms then were considered as results and not the cause of
the discases. ILater at the cnd of the period it was becoming increasing clear
that fungi were very closcly associated with disease lesions. This kept raising
The question as to whether fungi might be the cause of the discase rathcT thanthe result of the diseascs.

Increased use of microscope lead to questioning of physiologic theory. Theexistance of fungi as separate entities and cause was firmly established.Late blight cf potato occurred in devastating eoiphytotic form in the middleO1 T9th century. During 1830 45 in Europe this greately stimulated the workn plant pathology as il was the potato famine occurred in 1842 whcr the fcwSCientists believed that late blight of.potato was caused by fungi assOCiatedwith it.

diseses. He published several papers on diseases of vegetables, cercals and

1846-48 M.J. Berkely : came out with the parasitic theory of plannt
other rops. Berkely described Oicdium as the cause of powdery mildew olvines. He (1855) observed root knot nematodes in cucuinber.R53Anton de bary : Showed the fungøus origin of the late blight ofpotatoes. His first paper on late blight of potato was published, in 1861 andthe last in 1876. Thefoundation ofmodern plant pathology 17as laid by him..IModeri era : (1853 to 1906): This period was devoted to the study ofhe role of pathogens causing plant diseases. The thcory of spontancousZeneralion was disproved by Louis Pasteur, Tymdall, Koch and others.VAítòn de Bary (1831-1888) was born in Germany, Contributed a lot tohe science of Botany. In 1853, he published a book * DIE BRAND PILZE"nd established the relation of parasitic fungi. He studied the lise cycle ofnany iiseases caused by fungi. He showed the fungôus origin oflatebight ofolato.

In 1864, he showed the heteroceiousnatureofust fungus.leteroesism: The phenomenon where the fungus requires two urelatedpecies of host plants for compietion of its life cycle. He also suggested thede ofenzymes in between pathogens and plant hosts. He trained manyien tists from different counties among thenm to mentipn, Marshal Ward fromnglard, Woronin (Russia), Farlow îrom U.S.A., Brefield from Germany andTilardet from France. He thus brought the science of plant pathologyrefront. He is mown as the father of plnnt pathology.o 1840-50: Tulsne hrothers (R.L. & Churles Tuisane) : Have preparedycological illustrations of rust and smut fungi. Most of the work dealt bym is on smut & rust fungi. They confirmed the work ofPrevost.1850-1875: Cunaingham and A Barclay : Started identification ofngi in india. Cunninghdm made special study of rusts and smuts. K.R.rtikar was the first Indian_scientistwhocollectedand identified fungi iniia



discases of.cultivatecd rqps.their_coiuscsand their cont1858: Jullu Gotthcls Kuhn: Wrotc n book for farmers 1

patholoKY " The
whctc fungi were
Darsitic, unfavorable soil and climatic conditions.

Considcrcd as causal factor and he classificd diseases aS,

lle first
demonstrated thc

entcrancc of bunt mycelium into whcat scedlings. Kuhn (1857) describcd

stem and bulb nematodes. Wetzel mentioned him as father o plant

pathologgy.
1873: T.J. Burlll : Started teaching of Plant pathology at University o

Illinois.
1875-1883: Brefield: Introduced and developed methods ofgrowne

microorganisms in pure culture. He also studied life cycle of smut fungi and

diseases of cereals.
876: Rohert Koch, and Louis Pasteur : Had proved bacterial nature

of Anthrax diseaseinanimals.
8:TJ. Burrii: Showed bacterial nature of Fire blight of APples.

1878: Woronin: In Russia studicd thc lifc cyclc of club root of cabbag.

1881: Robert Koch : Developed thc dilution plate method of isolaion

ofbactcria and fungi.
1881: Marshal Ward from England studied th life cycle of cóffee rut in

Sri. Lanka (Ceylon.
882-85:.P.A. MAlardet: from Francc discovered the use ofBordeaux

mixture (Cuso4 +Limej ior cöntrol of downy.mildew of Grapes.

A886: Adolf Meyer : showed infcctious nature of\Tobacco Mosaic by

injecting the jüice from discased plant into hcalthy plant.

1887: Jensan: developcd hot.water trcatment_tosceds for loose smut

of wheat.
888-91; E.F. Smith : transmitted Pcach Ycllows by budding.

showed the bacterial nature of wilt of cucurbits.

A892, Ivanowski : passed the juicc of Tobacco mosaic affected plant

through ch&mber land ilter and showed it as infcctious i.. filterable nature

of viruses. J °9Di
1894: Driksson : a Swcdish scientist showed biologic races in cereal

rust. He also putforth the mucoplas theory_i.c. protoplam of fungus mixed

with pirotoplasm of host hc called as mycoplasm and according to him his

mycoplasm was responsible for sudden outbreak of rust.

A899: Beijerinck : consirmed ivanowski's work and called virus as

Contagium vivum fluidum.(Infectious living fluid).

bufo Moi.'., ticrun,
He also

1900-1909: Orton : studied Fusarium wilt of cotton, cowpea and

watcrmelpn and deveoped resistant varietics.

1902: Takami: showed insect transmission in Rice stuntvirus.

A905: Biffen worked ori cereal rusts and studied genctics of disease

Tesistance and showed Mendclian Inheritance:of rust resistance.

dl aeAN
,



5. Present Era: 1906: onwards
In 20thcentury, phytopathology expanded rapily with remarkable

discoveries. Only major lines ofcontributions arc mentioned herc
.Teaching of Plant Pathology as a subjcct hasbeen started in Universltle a

and Colleges. The information of research ia being given to the cultivators
through Extension agencies.

2. Genetics in relation to resistancc of discase in host plants is being studied
in order to develop resistant plants.

3. Environment in relation to plant disease is bcing studicd which help in

forecasting of. diseases and ultimately to undertake prophylactic control
measurs.

4. The nature and biological activitics of plant vinyses are being studfed in

detail.
5. Improvement of fungicides.
6. Prevention of diseases through regulatión, quarantine, certification ctc.
7. Namatode discases are being studicd.
8. Role of phytoplasmas as causal organisms in plant discases is being

studied.
9. 1907: Establishment of American Phytopathological. Society

publication of the Jurnal *Phytopathology" in 1911.
10.

and

1909 L.R. Jones: worked on' enzymes secreted by soft rot bacteria.
He worked on soil borne diseases in Wisconsin.

11. 1917: E,C, Stakman: from Minnesota, demonstrated physiologic races
in careal rust of wheat.
JE.J. Butler (1874-1943- Before 1910, he initiatcd exhaustive study on

Indian Fungi at Pusa. He is considered as the Father of Moderm plant
pathologY in India, He tiined scientists at I.A.R.I. in wilts of cotton and Tur,
rice diseases, cereal rusis, He wrote monograph on "Pythiaceous fungi', .

He was appointed as the irst Dricclor ofangi and discases in_ plants.
ATA.R.I., New Delhi.

1927: Cragie : showed function of pycnia in rust sungi.
1930: Plant Pathology as a University subject.came into heing at the

niversities of Madras (est. i857), Allahabad fest. 1887) and Lucknow (cst.
921)

. 19311 J. GG. Luthra : from Panjab in India advocated Solar-heat.
eatacnt towheat seedsfor contrölling loose smut of wheat.
IA1935: w.M. Stanley isoiatedvirus from Tobacco mosaic affected
Iants, puriñed and showed the chemical nature as crystaltine protein

936-37 Bawden and Plrle : showed that virusesarenuclco-protçins.
1945: Agra University had introduced' P.G.Programme. in_plant

thology at.Govt. Agril. College, Kanpur.
1960: Establishment of Agril. Universities in the country and teaching

ant Pathology with its supporting courses in mycology, bacteriology,
.ology, nematology, biochemisty, etc. has become important part of

aduate and P.G. Programmes in agriculture.
1967: Japanese scientist Prof. Asuyam and his associates found

Coplasma like organisms were responsible for yellow diseasc ofplants.



Flor 1955: Explaincd host- parasltic interaction in flax rust. He
identified 25 such gene pairs in fhe flax rust. The.gcne.forgene relationship
has been found in somc othcr host pathogen, systems. c.g.

. Phytophthor
infestans on potato. Sevcral discase resistnt varieties have been and
continuously being produced all over the world, but it is a continuous process
as the fungi too brecd more virulent raccs and the plant brcedcrs always have
to be on the alert.

IMPÖRTANT CONTrICUTIONs OF INDIAN PHYTOPATHOLOGISTS

AK.C. Mehta (1892-1950: Of Agra College studied the Physiology and
Epidemiology of cereal rusts in the country and showed that the rust spores

dic in plains of India during hot summer and infection is from hills where thcy

over summer on scl grown whcat and Barley plants and cause epidemics.HC
publishcd a monograph on "Furthcr studics on cercal rusts in India" in 1940.

B.B. Mundkur (1896-1952)]: He worked on cotton wilt, in the then
Bombay State. . He published "Ustilagcnales in India", (Genera of rustsK
suppliment to. Fungi of India and published about 80 papers. He wrote the
bookAngi and plant diseases' Dr. Mundkur was pioncer in establishment of

Indián,. Phyto-Pathological
Phytopathplogy in 1948.

J. Butter (1874-1943): Before 1910 he initiated exhustive study of

Indian 'fungi at IARI Pusa. He is considered as Father of Modern Plant
Pathology in India. He trained scicntists in Cotton wilt, tur wilt, rice diseases,

IUsts of cereals, etc. 'He wrote Monograph on "Pythiaceous fungi", Fungi and

Discases in plants. He.was the first Director of C.M.I. Hc left India in 1920.

He published Papers onPythium, Chitridiales,
Dastur (1886-1971): He worked on genus Phytophthora, Cotton

Anthracnosc, Pink disease bf Citrus, Foot-rot of Betelvine. Cotton wilt is

Tmportant contribution to the science. He published about 36 original papers

and 4 books. He was the first Indian Plant Pathologist who is credited with

detailed study of fungi and plant diseascs.

Society and its journal "Indiaanin 1947

B.N. Uppal : He worked on Downy mildew of Maize, bajra and showed
He worked on severalPhysiologic: spccialisation in Sclerospona gaminicola.

Ingal, bacterial and viral discascs with M.K. Patel, and M. N. Kamat in thac

Ten Bqmbay State at Pune. He published 'Fungi of Bombay' with Patel and

amát. Hè:remained as a prihcipal of 1he Agril. Collegc, Punc.

S. Kulkarni (1920): Worked on Downy mildew of Jowar and Bajra

and smuts of Jowar.
8.L Ajrekar: Studied cotton wilt, sugarcane smut and jowar crgot.

adwlçk: He worked and wrote a book on Rice diseases... Thirumalachar: He published about 500 research papcrs

scnbing 20 new genera and 300 new species of fungi. Heworkea in

Rindustan Aftibiqtics Lid. Pimpri and has discovered Aureofungin, Hamycn

ad other antibiotics. He worked on smutsandRust in India.

.K. Patel (1899-1967): A Pineer worker on bacterialplant palhoge

ndia. He published about' 140"papers mainly on bacterial discases, He
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modified solar heat trcatment for wheat smut. He advocated a new system of
classification of Phytopathogenic bacteria.

s.N. Dasgkpta and T.s. Sndasivan : Prof. Sadashivan at Madras
contributed cxtensively explaining the role of enzymes and toxins in plant,
discases. Investigations on the role of enzymes and toxins in discases started
with a 'great zeal by Gaumann, Walker, Dimond. Schools of Fundamentals of
Plant Pathology at Lucknow and Madras were started by them.

G. Rangaswami: His work on bacterial diseascs of plants and their
control was outstanding He published 5 books on Microbiology and
PathologY and over 300 scientific papers. He wrote books entitlcd" Diseases of

.

crop piant in India, Bacterial Plant Diseases, Agricultural microbiology.
M.N. Kamat: Worked on number of plant diseases.and fungi. He wrot

boaks on Plant Pathology and Mycology. He trained scveral students leading
to M.Sc. and Ph. D. in Mycology from 1953 onwards.
December, 1980. He wrote books entitled "Ihtroductory Plant Pathology
Handbook of mycology and Practical Plant. Pathology

V.P. Bhide: He worked on fungal and bacterial diseases as well as on
Nitrogen fixing bacteria in.the soil. He worked on biological nitrogen fixation
and us
students leading to M.Sc. and Ph.D, in Microbiology and Plant PathologY.

He expired in

of bacterial fertilizers was initiated by him. He tráined seyeral

INTRODUCTION TO. PLANT PATHOGENS
:.

L. Bacteria:They belong to Procaryotes' of kingdom protists. The major
subgroups of procaryotic protists. are blue green algac, mycobacteria,

spirochetes and eubacteria (true bacteria).
Bacteria: Bateria are defincd as uniceilular micro organisms, devoid of
chlorophyland dividing by fissioi.

Most of
Pseudomonadales, Eubacteriales and Actionomycetales. Bacteria,

the bacterial plant pathogens in ordersare
** though unicelhular, comprise a large variety of morphological forms.

Bacteria are rods, cylindrical, elipsoidal, variously spherical, spiral or
helicoidal. Spherical or ellipsoidal foms are called cocci and
according, to grouping they are micrococcus, diplcocous, tetrads,
Sarcina, streptococcCus, or staphylococcus. The odshaped Bacillbacteia arc microbaciius, diplobacillus, or streprobacillus. Certain rod
Shaped bacteial cells form Endospores. A slimy layer adhering and

covering the bacterial cell is known as capsule.
hairlike appendages, speific in number and location on the cell wall, is
an organ of locomotion or motility.. The bacteria may be artiohou.

The flagellum or

nonmotile), monotrichpus, amphitrichous, lophótrlchous
peritrichous. Bacteria multiply by binary fission.

The

or

genera Kanthompnas. s Pseudomonas, . Eruinia,
Coynebacterñum, Agrobacterjum and Streptómyces are important plant
pathogens.

:Rhobium and Azotobacterare nitrogen fixing bacterinl genera.



Bactericphages are viruses infecting bacterin. Bacteriophages arc
obligate parasites multiplying inside the host cel1.

Virnses: Viruses are obllgate, parasites, highly infcctious and host

speciic, intracellular, ultramicrescopic entities madc up of nucleic acid

and protein, They are parasitic on may, animals, birds, insects and

plants. Plant viruses are either rod or spherical in shape. They are
mostlhy of DNA with protein coat while exccptionally some plant viruses

contain RNA. Viruses are connecting link between living and nn-livi ng

organisms.
Hyçoplasaa : These are Small uniccllular, pocaryotic organisns, (Sizc

0.1 to 1.0 micron) Mycoplasmas are. quite
patholog.
1967 most of the plant diseases under ycllows group of viruses have

been reported to be caused by mycoplasmas.
pnenmónia like organisms or PPLO and can be cultured on highly
specilic cultural medium containing sterol for growth. The mycoplasna

IS non-motile, gram negative, containing both DNA and RNA. It has
no rigid cell wall but has lipoproteinaceous membrane. It multiplics
both by binary fission and budding. They are sensitive to antibiotics
viz Tetracycline and Chlorotetracycline.
Nematodes: These are the organisms resembling roundworms which
are present is soil and water. They belong to animalia kingdgom. Thecy
are microscopic, multicellular usually colourless, elongated, cylindrical,
unsegmented and found in möist places. Size vavies from 100 microns
to Imm. ney nave We developed aigestive, nervous and. excretory
systems. Outer layer is of chitin, the mouth and head is provided with
a needle ike structure, the Stylet'. Thcy arc generally unisexual but
rarely bisexual. Female is capable of laying 500 to 800 eggs at a time
and thus there are 10 to 12 generations in a year under favourable
Conditions.
ectoparasites.

2.

3.

wellknown in animal
Sin ceHowever, mycoplasma is new in plant pathology.

They are pleuro

5.

Plant parasitic nomatodes are either endoparasites or

6. Floering plant parasites: A 1eW Pnancrogams (secd plants) are parasitic
on living plants. Parasites are those, living at the expenses of the other
organisms.
degrees. The parasite depends physiologicaly for its existance on the host
plant. While epiphytes are the plants which take physical support orprotection of host plants and are not Classed as parasites e.g. tropicalorchids. The phancrogams or the 1lowering parasites attack some crops
causing Considerable damage or losS. Some parasites attack oots of theho'sts while others parasitize on the stem. Some are devoid of chlorophyll
and depend entirely upon the host plant for food supply. While othcrrs
have chlorophyll and are, therefore, capable of. manufacturing food from
CO2

The parasitism of the phanerogams appears in varying

COa and watcr, however, they obtain minerals from host.
phanerogamic plant parasites may be grouped as

The
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1. Stem parasites-
a) Complcte or Holoparasite e.g. Cusçuta sp. (doddar).
b) Partial or Semi-parasite e.g. Loranthus

2. Root parasites
a Complete parasite c.g. Orobanche on Tobacco.
b) Partial parasite e.g. Striga on Jowar.

Fungi: Fungi are the members of kingdom Fungi and are microscoplc.
ung d not possess chlorophyi hey are either:uni:or multicellular.
Fungi reproduce by means of sporescither by asexual or sexual means.

Fungi can be defined as eucaryoticmicrogrganisms.chlorophyl
less (devoid of chlorophyl), having well defied.nucleus, the
vegetative
less.

structure being uni-ormulticellular filamentous thallus with
a firm wail and reproduce by divisíon of.vegetative cells, well defined

asexualand sexualspores.
The thallus of fungi may be .

plasmodial, unicellular,
pseudomycclial or mycelial. In Myxomycota or slime molds, the sonmatic
structure ({thallus) is amoeboid plasmodium and lacks true cell wall. In

true fungi (Euinycota) true cell wall is present, the- thallus is uni-or
multicellular, branching. Such. branched filaments are
Hyphae. A mass of such hyphac is the cntire vcgetative body and is

known as mycelium, The hyphac are gcnerally charcterised aS septato
or aseptate. Thecells have desinite ccll-wal made up of.cellnlose or.

.

chitin or both.

known as

When the hyphae is continuous with nuclei irregularly distributed
throughout the thalllus, it is callcd aseptate or coenocytic or non-

septate, If the hypha is partitioned into cornpartments i.e. cells .by
Hyphae rarely occur

singly. Neighbouring hyphae are generally interwoven into felt likeincans of cross-septa, it is known as septate.

They are known asmasses and thick, myceial tissues are formed.

Sclerotia' or 'Rhizomorphs'. Fungial cells contain cytoplasm,. nuclei

and vacuoles. They are, as rule, uninucleate but 'aseptate' mycelium is

mulinucleate. Fungi store the food reserve in the form of oil and

&lycogen. Glycogen 1s a carbohydrate taking place ol starch in higher

plants.

Mycelium: is collectively the entire thallus which is filamentous.

Individually, ihe filament is called Hypha and a mass or hyphae is

termed as Mycelinm. There are two types of hyphae and accordingly, .

the mycelium is divided into two types.
Septate: divided.by cross walls (Septa) int0 SCgments;.

NOn-septate: or Aseptate or Coenoctic: is unicellular not divided by .

Cross walls. The nuclei are embedded into the cytoplasm without being

Separated by cross walls.



Nutrition of fungl: Pungi necd N,P,K Carbon, Sulfur Mg, Fe, Cu,
Vitamins. Fungi lack chlorophyll and, thcrefore, thcy are unable to
synthesize their own food. Thcy fccd and grow on readymade food. Their
mechanism of nourishment is absorption, which takcs plece by
osmosis through the cell. walls.

*sYAPTOMS OF PLANT DISEASEs

Syptoms are.the expressionsof the diseasedcondition.They help in
general diagnosis of the discase. Symptoms on the plants arc cither due to
the character and appearancc of thc visible pathogen or its structures or
organs and¥ due. to some effects upon or change in the host plants.
control.of plant discases is only possible through the correct diagnosis of the
disease.

The

TheSymptoms' are expressed externally as well as intermally.
appearance of syrmptoms is the result of interaction between the host and the
parasite under favourable conditions. Symptoms arc oftcn deceptive and one
symptom may appear in a number of diseases and one disease may exhibit a
number of synptoms e.g. Chlorosis may be due to deficiency or vinus or
Downy mildew. Similarly, Anthracnose of cotton may show seedling blight
necrótic spots on leaves, bolls, yellowing of lint. etc.

Symptoms' are aways confused with signs. Signs are more reliable
than'symptoms and help in accurate diagnosis of the disease. 'Sizns' are the
actualpresence of the pathogen or its structures on the host as a result of
manifestation i.e. signsareincidental or experimental evidences of the disease
causing pathogen. e.g. in case of Root discases, rotting and shredding of the
bark is a symptom but presence of sclerotiai bodies on steám or inside the
bark is a sign. Similarly, wilting is thesymptom but vascular discoloration
with fungus growth (the presence ol mnycelium) inside the vascular bundles is
sign. In aseofDowny mildew diseases,.chlorosis is a symptomwhue downy
growth of the fungus on thc leavcs is a sign.

Symptoms are broadly grouped under three categories:
I Hypoplasia: (Hypo=under+plasia=Formation)
These types of symptoms are due to under devclopment of tissues or
chlorophyll resulting in d warfing or chlorosis respectively.

Atrophy or dwarfing :

I) Hyperplasia: (Hyper-over+plasia-formation) or Hypertrophy or Ôver
growth: These types of symptoms arc due to abnormal or over deyelopment
of tissues due to increase in size and /or number of cells.

III Necrosis: These types of symptoms are due to destruction of affected

tissues involving decay or rotting of the epidermis, collenchyma, cambium
and vascular tissues.
Symptoms: Symptoms are expressions of diseascd condition.

expressed internaly as well as externally. and help in general diagnosis. With

the help of symptoms, a diseased plant 'can be identilied from a healthy one.

However, symptoms alone are not helpful in ascertaining the exact' nature of

the discase. Similarly, symptoms may result from diflerent causes, unrelated

They are
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o cach other. e.g. Chlorosis may be duc to downy m1ldew, Viral infection

iseases and
diagnosis

Sigas: Signs are the experimental scientific evidences of the dis.
deficicncy. Fever in huma being may be due to wound,,ph01a or.malari

.

.Signs hclp in accurate
of the pathogen or its

generaly confirmed under thc microscope..

of the diseases.
$$tructures on the host or in the host as a result of manileslalorlC.-8: presence

CI Wnitish growth on the leaves in downy mildew ol grape or JOwar, Dacteriai

0ze in Ring disease of potato etc.

Signs are 'the actual
prescmce

3ynptoms are gronped nnder four categorles

HYPOPLASIA : ( Hypo = under+ plasia.=Formationn

nese type of symptoms, are due to,under dVClopment or sub-normnal

Copment of the tissue, or reduction in thechlorophyl.cntent resulting in

WaLn8 orchlorosis. They may be due to virus infcction, parasIuc or non-

rasiuc agencies such as deficiencies, exccss of minor elements etc.

Different
it means destructionof the Chlorophyll from.the tiisue.Dilerent
are applied to describe chlorosis according to. the degree of

Chlorosis:

terms
destction of chlorophyll, such as----

Yelowing : There is complete destruction of chlorophyl]. When the

our becomes white it is known as etlolatidn. These symptoms are usually

used by parasitic fungi, viruses deficicnceies or by non parasiticc causes
. yellowing of sugarcane duc to deficiency, ,of, White aster yellows and

lowing of double bèan are due to viral infection.

Palor: Partial dcstruction of chlorOphyll in the 1orm of streaks. TheTe

unhealthy appearance of the plant due to deliciency or excess of water or

k of light or reduction in chlorophyil content due to pathogenic organisms
bajra seedlings affected with downy mildew.

Mosaia: Mosaic is caused by virus infection and chemical deficiencies,
t virus mosaics are highly infectious than the deficiency diseases. It is due.
partial loss ofchlorophyll Dr_chlorosis in uneven patches e.g. Papaya
saic, Tormato mosaic, Chili mosaic etC

Yellow mosnle: Light.ereenand.yellow patches are obscrved in the leaf
ia c-g. ycllow mosaic of beans

Yellov vein mosaie Veins become vellow_and_leaf lamina remainsen e.g- yellow vein mosaic of Bhendi.
Mottiing: Partialdestruction of Chorophyll in the interveinal.area e.g.
tle leaf of cirturs due to zinc deficiency. .

DwarfÄng:
General underdevelopm.entofentire plant is brought dbout by reductionnternodes resulting in sinted growth or.appearance e.g. Rice stunt,.SS" shoot of sugarcane etc
3mall leaf or little leaf: The size of leaf is greatly reducd e.g. Little1eainsal, grassyshoot ofsugarcane. iNk ).unohy top: The leaves emerge out in the form ofa.bunch at the crownlant e.g. Bunchy top of banana causcd by a virus.; .ni

'



HYPERPLASIA : [ Hyper = Over + Plasia = formation]
It means over development or abnormaldevelopment_of the aflccted

tissues This over development may take place, in two forms either due to al}

Increase in size of individual cells of' the aflected tissues or b} increase in
number ofcells e.g. Stem galis, Club root of cabbage, hairy roots etc.
1),. Tumours and galls :Tumours are knot like structures or over grow ths

of the host. tissues. They are bigger in size e.g. Tumours caused bya

II.

Parasite, loranthus on mango and other fruit trees.
& 9 Galls are abnormal swellings or blisters or pimples/knots formed on

pl&nt parts.
formation of galls in plants by. stimulating matyre cells to resume

meristemetic growth: Galls' aresmallerin size than tumours. .

a) Root galls': e.g. Root knot öf Brinjal, caused by nematodes.
b Stemgalls : e.g. White rust of crucifers, Loranthus on mango:
cFruitgalls e-g. Malformation of fruits, Physiological disordcrs in Mango.
dOub root: eg. club roòt of Cabbage, causéd by Plasmodiophora brassicae.
e Tuber galls: e.g8. wart of Potato.

The bacteria,'. fungi, nematodés and some viruses inducc

airy roots or Spindle tubers: formation of numerous fine roots e.g.
Spindle tuber of potato due to virus:
3) .Witches.broom Excessive'malformation of floralparts due to stimulationn

of.a large no. of buds. Numerous slender. branches arise from.limited regon
in close clusters appearing like' broom e.g. Grcc- car of bajra caused by
downy mildew. Toph@a,"tha ezcoso Valmeppas os on upsgh clule m

4) Leaf cturl: It is the curling or distörtion of the leaves. In the leaves, an Coincrease in cell numbers in either side of mid rib and stimulation of growth ofuthe Palliässe, cells $occurs.
puckering and curling e.g. leafcurlof-ehilli-and-tomato.a Janaul, Peach Jaap col Tapmina

I.NECROTIC SYMPTOMŠ:

hoot

The cells of spongy Parenchyma result inhonh
rooh haF odah wnars

They involve death or destruction of theaffected tissues. Either cntireplant or. plant parts 'may be affected, involving decaying or rotting of theepidcrmis, Collenchyma, Cambium and Vascular tissues e.g. Blights, rots,wilts, damping off,cankers, anthracnose etc.
1.Blights : Here,there is a general and rapid destnuction ofplant parts likeshoots, leaves, blossoms, twigs etc. The dead organs turn brown to blackshowing burntappearance e.g. Early and late blight'of potato, Bacterial blightofPaddy.
2.Wilts : Wilting or drying ofentire plant isobserved inadult plants. Theleaves and other succulent parts lose turgidity, become flaccid and drop. It isa typical vascular symptom due to plugging of water conducting vessels o1'toxic effcct e.g. Tur wilt, cotton wilt, Pea wilt, gram wilt etc.(Pusarium sp.)3) Rots: The teTm is applicd in cases where aliected üssues decay or rotInfection of parenchyma and pith tissues of various parts takes. Rots impartdilferent colour reactions and are designated accordingly.



A. Dry rot: Decay of tissues takes place. Even after rotting some times the

inicctcd tissues remain firm or hard c.g. Dry rot of potato and corn.
B. Soft rot : Decay of soft tissues, rotting is accompanied by soitening ofthe
199U¢3, c.g. soft rot of lemon, mango, tomato, banana etc.

CRed rot :Affected tissucs become red in colour e.g. Red Rot of Sugarcane.
D.Wet rot In additionto softening, there is slimyoozing O1 liguid e.-g. storage
rot in potato, citnus and other fruits, usually due to bacterna.
E.Root rot: Destruction . of parenchyma of underground
Rhizoctoria root rot of cotton, hollow stem of jowar|charcoal rot of jowar).

stems e.g

Rots may be described some times according to plant parts affected e.g.

Stem rot (Papaya)., Collar rot (Groundnut, Neck rot. (Paddy), Foot rot

(Ginger
The rots are also described after the discoloration produced on infection

C8. Brown rot (Potato), Black rot (Cabbagc), Red rot (Sugarcane) etc.
Dampilng off,: Sudden wilting and_collapse of seelings is observed

The stem near the soil is aflccted,. becomescommonly in sccd. beds.
constricted and weak c.g. Damping-off of seedlings of tobacco, tormato,
Cabbage, Chili etc.

Sankera : Deep seatcd intection duc to destruction of woody tissucs
Cankers are raised from epidermal surface of the

5.

and cambium tissues.
19SueS and arcrough to touch c.g. Citrus canker, Ghuava canken ctc.
6. Bpots: Formatipn of spots is a.localiscd.dcstruction of thc tissues in more

or Iess circular manner. They are usually found on the leaves, and may
clevelop on stems or fnuits. Thedead tissues which are in limited area, give

Shapes
margin e.g. eye spot of.Jowar, tikka .of Groundnut, angular leaf spot of

cotton.

as angular, round or clrçular .surrounded by yellow, purple, red

1.Tar spots and Streaks or Stripes: necrotic arca become typically tar
Stained, c.g. Forest trees, palms, grasses and jowar,

Streaks are elongations of necrosis e.g. bacterial streak of paddy and jowar.

8. Blasts :These arc same as blights but here the spots aredistinct e-g. Blast
of Paddy.
9.Dio back :. Dying of plant organs, cspecially stem and branches, from the

tip downard or backward c.g. Dic back of citrus, chilli.

10,Eraation : Sccretion of sticky gum like substance due to disease e.g.

Gummosis of citrus.
11.Anthracnose : Destruction of collenchyma and canmbium tissues. Lesions

ar sunken in thecentre with raised and prominent margins c.g. Anthracnose

ofgrapes, chillies and bean's.

12.Blakk heart: Blackening of central. portion is obscrved in potato tubers

due to high tempcratureand poor ventilation in storage e.g. Black heart of

potato,
13,Seab s destrmction of.epidermal tissuesin the form of scars. Infection is

not deep seåtçd:e.g. Scab of potato and apple.
14.Shott
erforations e.g. shot hole of Ashok and Mango plants.

holes : Decayed_leaf tissues are given away leaving_holes or



15.Mummification : These types of symptoms are observed in fruits. Thleskin_of the fruit_becomes hard and fruitsget shrivelled such fruits are calledas mummilied fuits e.g. Downy mildew of grapes.

Iv TERATOLOGICAL PHENOMENON:
This is. the phenomenon where the plant or plant parts lose theiroriginal appearance and take up diferent form. Thismay be due to gencticaaorpathological factors e.g. Stems turn into tendrils, sepals turn into petalsetc.

1.Smuts :The 1loral parts are usually.affected, the ovaries áre destroyed an drcplaced by forming sori c.g. smut of jowar,, loose smut of wheat ctc.2.Ergot:Normal grains are replaced by Sclerotia c.g. Ergot of Bajra.3.Phylody: Transformation of normal lòral parts into abnormal structuresC.g. sesamum phyllody. ora Pas ama omed ito ran, ,aa) SEYa 3rucutas4. Green ear . Flowers are Gonverted into Teensand elongaed leafystructures e.g. Green car of Bajra.

SIGNS:
1. Mildews: The presence of ihe: pathogen is seen on the. host, surface c.g.

Downy imildew: White cottonygrowth' of the fungus is seen on the lower
SUrface corresponding to chlorotic arca on the upper surfacc c.g. Downy

mildew of bajra, Grape, Jowar etc.
Powdery' mildew: Powdery growth consisting of mycelium and numerolis Ja

oidlà (conidia) is seen on the host'surfce c.g. powdery mildew of pea.
2. Rusts: The pustules of spores usually protruding the epidermis are seen

On the nost. Pustules may be either dusty or compact and white, yellow,
brown, red or black in colour e.g. white rust of crucifies, leaf rust and stern
rust of wheat.' BPowdemild

REPRODUCTION IN FUNGI

Reproduction is the formation of new individuals haviag all characters
typical of the species. Fungi reproduce by two ways-Sexual and Asexual.

Fungi roproduce by spores. The spore is an unit of reproduction
Fungi reproduce by spores which arc produced in 3 ways:
1. Asexual 2. Sexual 3. Vegetative.

Spores arc specialised cells. Onc or more cells are set apart for
They are bome on specialised hyphae, the sporophoresreproduction.

(Exogenous) or may be borne in special receptacle (Endogenous.) Endogenous

spores are formed, by division of the inner content of the mother cell into
number of cells which become separated from one another and are liberated

outside by brcakage of the wall or through ostiole.

Bxgenous spores appcar as protrusions on the tip or at the side of the

fertile hyphae'and arc cut off when they reach maturity.
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CLASSIFICATION OF SPOREs
Spores

Asexual Sexual Vcgetative

(i) Chlamydosporesi) Zygotes
(i) Oospores
ii) Zygospores

Non-motile (iv) Ascospores
Aplanospores (v) Basidiospores

Exogenous Endogenous
-|

) Conidia
ii Oidia Motile

i) Zoospores
(ii) Swarmspores

Spore Fruits:

Bpore fruit is an organisation of spores and spore bearing hyphae,
arely naked but frequently encloscd in various types of receptaclcs. The
ore fuit usually has thick covering known as peridinm. The spore fruits
re imortant in tiding over unfavourable. conditions, multiplication and
1aintaenance. of inoculum. They arcitilised as taxonomic characters in
etermining the broad line of various'goups of fungi.

.

Stroma: The pseudoparenchymatous tissues into which sporophores
:t embeded. Hyphac rarely occur singly. Neighboring hyphae.are generally
ter wound into selt like masses and form a thick hyphal tissue which is

med When single hyphal element is still recognizable, itas plectenchyma.
called Prosenchyma or prosopleotenchyma. When-the hyphal clements
ve lost thcir idcntity, the tissues bear a resemblance of parenchyma of
gher plants, then the tissue is termed às Psendoparenchyma.
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CLASSIFICATION OF SPORE FRUITs IN FUNGI

ore fnuit is an aggregation or collection of spores and spore
beanng nyphac Isporophores|, Somctimes nakcd but frequently cnclosed In
various types of containers or spore cases or receptacles. The spore fruit
have a thick wall known as perldium, which protects the spores till thee
onset of favourablc conditions. There are two types of spore fruits basecd
on whether spore fruit contains or gives the sexual or ascxual spores and
thus, there are sexual or asexual spore fruits.

Spore fruits

I Asexuual II Sexual
1. Sporangium(a)
2. Coremium(a)
3. Sporodochium(a)
4. Sorus(sori)
5. Fycnidium/a)

5.Aecium/a)
Acervulus (Acervuli)

(a]Ascocarps. 1) Clcistotheciumfa)
2 Apothccimfa)
3) Perithecium(a)
4) Ascostroma (Ascostromata)

20
27o (b)Basidioçarps 1) Puff balls

2) Bracket fungi
3) Mushrooms8 Pycnium(a)

I) Asexual spore frnits
1. Sporanginm [pleiural. Sporangla)

This type of spore fruit is a charcteristic of the fungi belonging to the
sub division mastigomycotina and zygomycotina. It may be of differcnt
shapes, the commonest being the elliptical and the round. The elliptical
Sporargia are formd by lower fung ol Mastigomycotina and Zygomycotina
which are semi-acquatic in naturc, while ound sporanngia_are formed by
terrestrial fungi belonging toabovesub: divisions. The spores in sporangium
are called sporangiospores. When sporangium gives motile spores; it is
called zoosporangluma or swarmsporangium and sporcs as zoospores or
swmspores, The round or sphcrical sporangia give non motilc sporcs known
as Aplanospores.
2. Coremium [Pleural-coremia ]

The hyphac form erect conidiophores and are grouped together to form
coremia. Each coremium consists of sterile stalk terminating into fertile
hyphae bearing conidia c.g. Stysannus thyrosoides.
3. Sprodochinm: Plenral. Sporodochia].

A fruit having cushion shaped stroma covered, with conidiophores is
known as sporodochium. The conidia formed inside, ooze out in sticky mass
C.S. Genus Necteria'growing on the trunks.



4. Sorus: [Plenral. Sori]

SDoIes are usuaily covered by cpidermis, At maturity the epidermis breakss

and all the spores are liberatcd in dust e.g. Smut and Rust fungi.

5. Pycnldium: Pleural. Pycnidin

It is a littlehcap likc_compact mass of sporophores and spores _and

t is a Spherical or oval shapcd sporefruit with short conidlophores
The

lning inneridc which bcar spores or conldia called Pycnídiospores.

Spore fnit usually opens at the mouth and this opening is called as ostiole.

Phomaspp. and Phomopsis sp.
6. Accium [Pleural-Aecia]

Suriace of the leaf, consisting of binucleatc, hyphal cells producing ycllow or

orange coloured spores in chain called aeciospores, which are formed in

basipetal manner e.g. Rust fungi of wheat and Bajra.

7. Acervulas : (Pleural-AcervulH)

It is cuplike or bell shaped structurc usually formed on the lower

t is compact mass of hyphae giving rise to short, simple, hyaine

Conidiphores, closely packed together forming bed.like mass with or without

The thorms may be deep brown to black and are as called zetne. It iss

thorns,
also krnown is' modified open sours e.g. Colletotrichùm and Gloeosporium

8. Pycniun : (Pleural-Pycnia)
It is a characteristic of rust fungi. It is ask shaped structure

containing pycniospores or spermatia eg. Rust fungi

II. Sexnal Spore Fruits:
a) Aseacarps

These are the spore fruits produced by the fungi belonging to. the suub

division Ascomycotina. Sexual spores are produced endogenously and arec

known as ascospores in a sac called useus (pl. Asci). .
The spore fruits are of various'fornms i.e. Spherical, lask, cup-saucer

and pod shaped
. Following are the different types of ascocarps.

1. Cleistothecium: (Pleural-Cleistothecia)
t is closed without ostiole, round to oval ascocarp with iiTegularly

arranged or scattered asci with dark brown to black colour amd provided withh

appendages to anchor or to hold fast and to help'in dissemination. e.g.

PowdeY mildew fungi of order Etysiphales.
2. Perlthecium : (pleural perithecia)

A lask shaped ascocarp with narrow neck ikeostiole through which
sci are released. The asci are arranged or lined to the inner wall of the
perithecium. The sterile structures present in between theasciare known as
paraphyses which help the asci in nutrition and dispersion c.g. Claviceps
and Glomerella spp.
3. Apothecium : (plewal Apothecia)

ACup or saucer shaped spore fruit with broad opening is known as
nthecium. The asic are arranged in palliasse layerlike straw-filled mattress
called hymenium. The apothecium is usually fleshy. and leathery in naturé
Cg. Sclerotinia sp.
4Asço«troma: (Pl-A$cDstromata).

ne asci are formed directly in a loculc or cavity within the strOma.Tnus, stroma forms the wall of the ascocarp.
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(b} Basidiocarps:
Thesc are t.he fructifications of sub-division Basidiornycotina and

consist of Mushrooms, Toads-stools, bracket fungi and Puff balls. They are
highly devclopcd and havc compound stiucturcs. They may be fleshy,
lcathery, woody or waxy in nature and bear special structurcs variously
known as gills, pores, needles and chambers. The scxual spores are the
basdiosopores, proeduced cxogenously on the tip of enlarged cell of hypha
known as Basldium (Basidia). The basidiospores are usually 4 in number.
The.baidia are intermingled with sterile structures called paraphyses: The
cells slightly larger than basida interminglcd with hymenial layer are known
as cyctidia.
1. Pnffballs

These arc round or sphcrical, very small to big basidiocarps, commonly
found on dead organic matter. The basidiospores are produced in the
hymenium yhich line the inner surface. On maturity, basidiosores are given-
off in thie Tötm gf puff or smokes. The puffballs have got small stalk at the

base.
2. Bracket Fungi:

These are compound fructifications growing on dcad trec trunks.
are woody and hard basidiocarps They are typically bracket, hoof or saddlc
shapcd and higily colored. They are borne on short stalks. The, hymenial

These

layer is found on, the honey comb fashioned, pores in which bçsida and

These are the fleshy or lcathery, compound fructifications with

'
basidiospores are observed.
3. Mushiooms; '

variousl colored, commonly found on manure pits, dung heaps and orn any
rich''orgánic mattér. They are borne on stalks and provided with gills and
pores to the underside which contain hymenial layer. The mushrooms may

be edible and non-edible or poisonous e.g. Agaricus sp.

The sporefruits are important in tiding ovcr unfavorable conditions

and mulliplication 8 maintenance of inoculum, The Spore fruits are

utilized as,jaxonomic characters in determining the broad lines of various
groups of fungi.



TYPES OF REPRODUCTION' IN FUNGI

Asexual reproduction: It is also called .as somatic or vegetativve
reprodugtiqn.and does not involve the union of two nuceli, scx or sex organs.
Hyphaeofrnunte spores

Sexual roproduction: It is chracterized by the union of nuclei or two
gametes of oposite sex.

In the primitive forms of fungi at the time of reproduction the wholeuniccllular thallus is converted into reproductive structure, such fungi arecalled as 'holocarplc.

In the majority of the fungi a protion of the multicellular thallus isutilized to form reproductive structure, such fungi are called as 'eucarplc'.

METHODS OF ASEXUAL REPRODUCTION. By the fragmentation of tho hyphae Mycelium and each fragment growsinto a new individual. The hyphac break up into thcir component cels asoidia or arthrospores which behave. like spores. If the cells becomeenveloped in a thick wall'before they scparate from cach other from otherhyphal cell adjoining them, they are called chlamyospores. Fragmentationmay also occur accidentally by the tearing off of parts of thc mycelíumthrough external forces c.g. oidia of powdery mildew fungi.
2. Fission'of somatic cells into daghter célls (Binary flsson / simpleSpltting): by fqrming a cell walleach spore germinates and forms a germ.tube which growš, the mycelium. It is the characteristic of the bacteria and$ome yeastswhich are true fungi.
3. Budding: It is production of a small outgrowth (bud) from a parent ccll. Asthe bud is formed, the nucleus of the parent cell divides and one daughternucleus migrates into the bud. The bud increases in size and cevçntuallybrealcs off and forms a new individual. It takes place in majority of yeastsand many other fungi like Rnst and smut fungi. At certain phascs(Budding ofsporidia).

Production of asexual spores : Fungi produce spores ascxually, and twotYpes of spores are commonlyproduced c.g. sporangiospores, conidia.



SEXUAL RERODUTION IN FUNGI

Sexual rcproduction in fungi involves a Aision betwccn two gamcts of

opposite sex. A gamet is uniscxual and, therclore, haploid-(ln):The spore

resulting from the sexual fusion is biscxual and, thercforc, dipoid (2n).

enmphmodi ie

Fungi may be nonoecioušwhere both sexes occur on the sáme thallus.

i.e. some species produce distinguishable male and fcmalc scx örgans on cach

thallus. A single thallus of monoecious. or hermaphroditic, spcics can

reproduce sexùally by itsclf if it is self.compatiblc or sclf fcritlc, whcrc ns 3om

fungi may be dioecious wvhere the tvo scxes occur on different thalli.. A single

thallus of dioecious species cannot reproduce sexually by itself normally since

it is either male or fcmalc.

. .. Gametes'may be naked and motile as in lower fungi (Archimycetes) and

are called planogametes' or they.may be caricd in special cells and are non-

motile as in higher fungi. The cell carrying the gamet is callcd gametangium.

These may*"form

-
***** *****

The sex: organs of fungi are called gametangia.
dilferentiated sex cells called gametes or may contain one or more gamet-

The terms Isogametangla' and Isogametes respcctivcly, are
nuclei
used ito designate gametarngia and gametes which are morphologically

indistipguishable.
designatc male and
morphologically different. In the latter case, the male gametangium is called

the Antheridiunm and female gametangium the 'Oogonium'.

Heterogametangia' and
female gemetangia.

Heterogametes', to
gametes

and
and which' arë

.

The sexual process involves 3 typical plhases:

I. Plasmogåmy; Union of two protoplasts bringing two haploid nuclei
together in the same cell.

II. Karyogamy: Fusion of two haploid nuclei brought togetlher as a result of

plasmogamy. Karyogamy immediately follows plasmogary but in some cases
it is delayed and plasmogamy simply results in formation of binucleate cel

Contàining one nucleus of. cach cell (scx).

dikary on and stagc of the fungus as dikaryotic condition.
Such pair of nuclei is called

IIIMeiosis: Nuclear:fusion takes paces in all sexually reproducting fungi

forming diploid (2n) phase.
diploid phase i.e. after the karyogamy.
Dringing, the diploid zygote nucleus to the original haploid number in

daüghtcr nyclei.. Thus, the fungi like all other plants, have haploid and

diiploi
and hyphae are called haplont or deplont according to the .chromosomes in

Their nuclei.

Meiosis takes place sooner or later after the
Mcosis is the reductlon division

phases. The former is known as haplophaso and later as diplophase
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To summarize, plasmogauny brings two haploid nuceli together in one

cell, karyogamy unites thcm into one diploid 'zygote. nucleus and meiosis

restores the haploid condition in the four nuclei which result from it.

BMethods of sexual reprodnction in fungl:

1. Planogamatic copulation.
Gametangial contactAscetpore S{seqarnou plmogomaas - Aloroyco3

onobleph eudala-Femaa Famalr s
non monle

2.
Gametangial copulation.
Spermatization.
Somatogamy-
Heterokaryosis,
Dikaryotization.| Smuis

3.

Fgcnics ones zacsptire huphaa n Jusks

A n0taFusaxiuro
astdiomolina

1. Planogamatic copulation: This involves the fusion of two naked gametes

oneor both of whichare motile. Motile gametes are called planogametcs.

The. most primitive fungi produce
morphologically similar but differ in size and are produced by only one

group of lower
Monoblepharis of order Mornoblspharidales, the female gamete is non-

motile where as the male gamete is motile. The later enters the oogonium
and fertilizes the egg i.e. the mating gametes are hterogamous in

characters.

isogamous planogametcs which are

While infungi belonging to 'the genus ATlomyces.

2. Gemetengial contact: In a large number of fungi, the gametes of the male..
or. of both the male and female gametangia have. been reduced to
undifferentiated protoplasts consisting chiefly of nucleus. Such gametes
are never released from the gametangia to the out side but are transserred
directly from one gametangium into the other. (Jn this method, two
gametangia of oppositesexcome incontact and oneormoegametenuclei
migrate from the male to.the. cmale.In no case do the ganmctangia

actually fus orlose their identity during the sexual act. The male nuclei,
in some species, enter the female gametangium through a poredeveloped
by the dissolution of the gametangial walls át the point of contact while in
other species, especially developcd fertilization tubeserves as a passagc for
the male nuclei. After the passing of the nuclei has been accomplished,
the oogonium continues its development in various ways and the
anth eridium eventually disintegrates e.g Ascospores.

3. Gamaetangial copnlation: This method is characterized by the fusion of
ihe entre contentsof two contactinggametangia. Such fusion takes place

in one or tvoways ----

a Pasnge of the contents of one gametangum into tho other threaga aPore developed in the gametangdal tralls at the-point of contact:This
method is particularly characteristic of some holocarpic forms in whichEhe eritiré thallus acts as a gamtangium, the male thallus attaching itselfto and emptying its entire contents into the female thallus.
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b) Direct fusion of two gametanglal cells into one: This takes place by the
dissolution of the contacting walls of the two gametangia resulting in a
common cell in which the two protoplasts mix e.g. Zygospore.

4. 8permatization: Some fungibearnumerous,minute, uninucleate, spore
likemale structures termed spcrmatia which are produced in various
ways. The spermatia are carried by insccts, wind, water, or in some other
ways, to the female gcunetangium or to spccial reçeptive hyphac, or evcn,to
somatic hyphac to which they become attached. A pore develops at the
point of contact and. the contents of the spermatium passcs into the
particular receptive structure which serves as the female organ, c.g,
Pycniospore and receptive Iiypha in rusts.

5. Somatogamy: No sex organs, wherever, are preduced by.many of the
higherfungi, somatic cells taking overthe sexual function e.g. smuts.

Parasexuality: Some fungi do nct'go through true sexual cycle but'derive
benefits of sexuality through parasexnality. In this process, plasmogamy
karyogamy. and.diplodization takes place but not at specified point in the
thallus.

6. Dikaryotization: This is a degenerate type of sexuality of common
occurrence in higher Basidiomycetes. It is accomplished through
migration ofnuclei from .one cell toanother cell of thevegetative haphac;
often through the mechanism of anastomosis or clamps. The two nuclc
remain in paitr and divide as such conjugate and ony fuse prior to0.
fomationofspores. Nospecial sex cells areproduced e.g. Mushrooms,

7. Heterokaryosis: This process is, in the. nature of vegetative grafting so
commonly met with in higher.plants and is independent of sex. It is
broughtabout by Hyphal fision' and anastomosis' or bridging' of
vegetative hyphae of caTying nuclei of different genetical reactions and is
of common occurrence in Fungi imperfecti like Fusartum, Alternaria giving
risf to new nuclear combination and resulting in the origin of new fornms.

The phenomenonof existance of different kinds ofnucleiin the same
idividual iscalledHeterokarvosis

8. Nucler dissociation: This is brought about by segregation or sectoring of
nuclei from originally multiucleate condition giving to new "Mutant" or
clones.

It will be observed from the above methods that the sexual process. i.e.
Sexuality in fungi is varied. The sexual process has a ixed pattern in lower
fungi while it is highly lexible in the higher fungi. A single sexual act gives to
a single sexual spore in lower groups of fungi, while it is followed by many

exual spores in higher ungi. The sexual phase 1.e. karyogamy is delayed for
a long period in some fungiuje
Seaual' compatibility: A great many funigi produe. clearly- distinguishable
nale and female. sex organs on the same thallus. These two sex organs may

be compatibls, sclf-fertilc or may be incompatible i.e. sexually, self-stçrile
because their'malg organs are incompatible with their female organs. In 'sóme
ngi the two sex organs may be produced on two different thalli.
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Monoecious or Homothallie: Analogous to hermaphrodité nature in high er

plants.
organs are comatible.
Heterothallic: Analogous to dioecious in higher plants.

One ype of gametes are produced on one thallus or mycelium and the other

tYpe: of gametes on the second thallus i.e. two_different_mycelia_each

producing one type of_gamete, or if bath.the gametes are prodiuced on the
samethallus, they.are self sterile.
Heterothallism: The condition in which the sexes are segregated. in separate

thalli i.e. two different thalli being required for sexual reproduction e.g. MUoT

Both sex organs are produced by the $ame myceliium and the sex

sp.
Dr.A,F. Blakaslce in 1904 'discovered the phenomenon of sexua

comptibility in fungalspecies ofMucor and Rhizopus, The fungal species

wnich could produce zygospores on single thallus are called "Homothalic

wnileSome species which require two different compatible thalli to form

Zygospores he called 'Heterothallic'. Since the two compatible strains could

not be distinguished morphologically, Blakaslee labelled them as (+) and (H.

He showed the heterothallism.in the Mucorales as representing a true

segregation of sexes in differcnt thalli.
Similarly, Cragie in Canada in 1927 showed the heterothalin in rust

Fuccinna _graminis_dernonstrating the fuction :of pycniospores whichATE
haploid or +ve in sexual tendencies.

PARASITISM

Fungi are divided into three groups according to the manner they obtain
their food as---
iSaprophytic ii) Symbiotic iil) Parasitic

Fungi lack chlorophyll and, therefore, they are unable to synthesize
their own food. They feed and groW on readymade food. Theirmechanism of
nutrition is absorption which takes place by osmosis through the ceil walls.

isaprophytic: These obtain their food irom dead organicmatter which may
be in the form of rotten plants, debris or animal tissues. Along with bacteria
they play inportant role in decomposing the organic matter of plant and
animal origin into simple substances and restoring them in soil e.g. McorRhizopus

J Syablotic is the nature of co-oprative association of two dissimilarorganisms which mutually benefit each other and are not antagonisitic e.g.Lichens, MycoThiza.

Aigae. The algae prepare carbohydrates by photosynthesis and the fung.

Aichens: They are formed due to the symbiotic association of fungi and
absorb water and mineral elements in solution which is exchanged for sugarand products of photosynthesis.
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Mycorrhiza It is the symbiotic association of certain fungi with roots of

higher forest plants.

ii) Parasitie - They obtain their food from iving tissues of the plants or
animals.

Among the parasites one can distinguish diffcrent degrees of parasitism as
(a Obligate parasites, (b) Facultative saprophytes and (c) Facultative
parasites.

a) obligate parasites: are the organism which live entirely on lvlng,
tissues. They pass their entire life on living plants only. They can ncver De.
grown, on, dead, artifcial food material. c.g. Rusts, powdery and downy
mildews. They are also called as "BIOTROPHS" y'rut edvut es

b) Facultative saprophytes: These arc normally parasites but are capable of
switchiug over as saprophytes e.g. Smuts.

Jc)Facultative parasites: They are origlnally saprophytes but have thee
faculty or ability to bekome parasites when come in contact with theliving host plants under favourable cnvironmental conditions c.g. Pythium,
Fusarium etc.

Depeding upon. the nature of parasitism with the host plant, mycelium iseither eetophytic or endophytlc.

Ectophytic: Mycelium growing on the surface of the substrate and
deriving nutrition from epidermal calls through haustoria e.g. powdery mildcw:
fungi

Endophytic: Mycelium growing inside the host tissues.

Intercellular mycelium: Mycelium growing in between the cells eg
fungi.

2. Intracellular mycelium: Mycclium growing within the host cells e. g.
smut fungi.

3. Vascglar mycelium : Mycelium growing in the vascular tissues of the
lants is called vascular mycemum C.8. EUsanun

špp. Causing wilts.

Haustorla: Ectophytic and intercelular myeelium obtaintheir nourishment
from host cells through haustoriá. Haustórium is a specialised, fungous
structure used in absorbing food.



Plan Pa Hytn

SUAalo
PERPERUATION OF PLANT PATHIOGENS

30

The plaznt
The term pathogen in generally used to denotc living organism.

discase caused by pathogens are contagious. In ordcr to become more plan ts

diseased in a ficld, particlcs or propagules of the pathogen must rcach healthy

plants and cstablish new infccton. These particles are called the inoculum.

(inoculuin is the portiorn of any pathgen capable of being disseminatd an d

potentially capable of initiating infection of the disease. The inoculum may

consist of virus particles, bacterial cells, mycelial threads, spores, sclerotia,
nematodes or any type of propagule. )

Pathogen is defincd as arn cntity or ariy agent that induces a discase,

Perpetuation: means survival of the pathogen in different forms in the

absence of the.main host or under unfavorable conditions of environment.

In the absence of the host plant, the pathogens find some alternate source
or mode of survival to have continuous chain of infection.

The survival of pathogens can begrouped as:

1. Infected host as a reservoir ofinoculum -(1 uN. N h7hfhnfh

tsakie
h2hhtbu

2. Saprophytic survival outide the host, ith.
050il)Lnf ed

Plo
C

structures ino AlerNal go Plon

The initial infection that occurs from these sources in the crop is
Primary infection' and the propagules that cause the primary infection are

infection, the spores or other.
structures produced, are the sources of "8econdary infection' spreading the

3. Dormant spores and other structures in or on the host or outside the host.

called as primary inoculum, After this

disease in the lield.

The primnary inoculum may bebrought by wind or through seed, tuberor soil. After the primary infection, the ungus produces spores on host parts
and these spores are disseininated by wind, water or other agencies' andcause new infection in healthy crops. This is secondary infection,
primary infection, thus, initiates the disease and the secondary inlection

The

Spreads the discase.

Inoculum may originate from a few diseased pants or from many. ThecsOurce of inoculum may occur in the same location as a population onhealthy susceptible plants or may.be located else where. The incolum may beproduced within the plant at the host surface, on the plant refuse or.onorganic matter in sol, deperiding upon the nature of the pathogen.
Many pathogens live and reproduce in soil, on weeds, or on alternate orcolateral hosts of lesser value than a specified crop. Inoculum may also DEharboured in such locations for a long time and constituteainoculum that is a threat to a crop. reservoir of



31

It is important. to know as to how thc parasitic fungi and othc rmicroorgnisms lead their lifc when the hosts are absent. Thc typical life cycleof a plant pathogenic fungus has two stages 1. Impcríect (ascxual) stage and2. Perfect (Scxual) stage.

I. The fungal pathogen çnters the host, establishes parasitic relatíonshipeither as ectophytic or ondophytic mycclia and at maturity, gives, rise tocondiophçres which bear conidia.
repeated again and again under favourable condítions representing activ¢parasitic phase.

This is an asexual stage which may bc

I1. With the onest of summer in tropics or winter in temperate zones, thepathogen initiàtes the restinig phase with: formation. of sex organs which füscto.produce sexual spors. which is the.perfect or sexual stage. This scxualstage is usually helpful in tiding over the fungus under unsavprableconditions

Some fungi produce resting vegetative bodies such as sclerotia anci
Chlamydospores. n return of the favorable conditions or season, thesebodies or sexual spores resume activities and, carry on the parasiticte
cycle.

Various methods and devices are adopted by the pathegens tó enable
them to perpetuate themselves under adverse conditions. Knowledge of this
aspect aids in tirnely and successful control of the diseases.

Perpetuation ofPlant pathogens as-

AFacultatis m: Several parasitic fungi developed the ability to modify their
mode of life
Phytophthora, Cercospora and others survive in soil.
normally saprophytes but resume parasitic activities under favourable
conditions.
soil is a reservoir of inoculum of soil borne pathogens e.g. Vascular wil t
pathogens (Fusarium), root rot pathogens (Rhizoctonia),, etc.

Pathogens like Pythium, Fusarumz,
These fungi are

as saprophytes'.

They survve in the form of spores or mycclium in the soil. Thie

Spores of certain smuts remain attached to theseed surface (graira
smut of Jowar) while feww Teman i soil and debris. ( Head smut of Jowar,

sugarcame smut etc.)

Bacterial pathogens such as Pseudomonas solanacearum (Brown or ring

tot of Potato) and Xanthomonas canpestris (Black rot of Cabbage) survive irn

seed material and in plant debris in soil.

i) Perpetuation by persistant mycelim! some fungi like Phytophtora

infestans (late blight of potato) Phytophthora urecae (Koleroga of Arecanut)

Celloetotrichum falcatum (Red rot of Sugarcanc), Fusarium oxysporum S
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Cubense (Banana wilt) ctc. pcrsist in ddormant mycclial condition on perren iai

parts of thchost. rth
2/) Perpetuntion in propagative parts: Viruses lilke Bunchy top of Banana.

Chlorosis of Banana, Potato viruses, sugarcane viruses pcrsist in vegetative

-

parts of the host.

3. Perpetuation by .dormant mycellum in seed: In certain cases the

pathogens are carried internally in the seed and their plant parts in the forrm

of dormant mycelium. In loose smut of wheat (Ustilagonuda trtic), Bean
anthracnose (Colletotrichum lindemuthianum), powderyy mildew of Pea
(Erysiphe polygoni), the myceliunm perpetuates within the seeg. In mosaic of

beans; the virus is caried in the seed.

A.Perpatuation by Sclerotia: Selerotia remain viable in manure and debris
for a long time' and in the host plants under favourable conditions. e.g.
Rhizoctonia sclerotium causing root rot, Claviceps fusiformis, (Ergot of Bajra
scelerotia of ergot disease).

5. Perpetuation on other hosts: "Collateal or alternate' hosts help in the
perpetuation of certain pathogens.

Collateral or complementory hosts: In thi case, some stages of life
cycle of the pathogen are found as in the main host plant. It, is,
generally, from. the same botanical family. Many pathogens have more
than one hosts and they pierpetuate on their weed hosts or wild hosts in
the absence of their main hosts e.g. Yellow vein mosaic of Bhendi has
other collateral hosts like Hibiscus sp, Holyhock, etc. The cereal rust
pathogen can survive on wild collateral weed hosts.

ii. Perpetuation on alternate hosts: Certain fungi, especially the rust
fungi, require more than one host for completion of their life cycle. The
other host, which is required for completion of the life cycle of the
pathogen, is called'alternatehost'.The phenomenon of requiring two
unrelated species or host for completion of life cycle of certain parasitic
fungi is called as Heteroecism e.g. Puccinia graminis tritici (Black stem
rust of wheat) is heteroecious having Barberry as alternake host. Where
as 'Autoecism' is the plhenononon when 'the polymoropkic funguS

completes its life cycle_on the sanmehot e.g. Linseed rust {Melampsora
Lun

6 Perpetuatlon by resistant; spores: Downy mildew fungi, Albugocondida, (white rust), smüts, bunts, rust fungi, powdery. mildewsperpetuate by resistarit spores like oospores, chlamydospores,teleutospores, ascospores in ascictc. These spores survive and remainviable Iorlong periods.,
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Polymorphism: An organism having several (Many) spore-forms (more
than twoj in the life cycle is called pélymerphic and the.phenomenon of .

scveral spore forms by an organism is called,Polymorphism e.g. a
typical rust fungus has got five sporc forms viz. Pycníospores,
aeciospores, uredosporcs, tcleutospores and basidiospores. Fusarium
sp. have macro conidia.micro-condition and chlamydospores.

Polymorphism 'maintains infection chain and persistence of
mycelium through periods of droughts, dcssication' and frcczing The

polymorphic fungi can adopt rigorous conditions and can have more

successful life ree from unccrtainty and risk involved in monomorphic

fungi.

Physiologic specialization: Fungi which are capable of attacking

several dilferent species of plant, develop many distinct forms or races.

These forms are morphologically similar but, differ greatly in their

physiology and or in their ability to attack different hosts.A number of

sub-species or biologic.strains. of a fungus which are similar or.differ

': slightly in morphology but greatly differ in the ability to attack different

species of the hosts, the phenomenon' is called "Pysiologic

speciaization'.

8

Schroeter (1879). for. the first time noted varying degrees of

parasitism in cereal rust fungus., However, Erilksson 1894 gave a very

convincing experimental demonstration of this phenomenon in Puccina

grdminis, He termed these parasitic' sub-species aS 10rmae spocialer
Puccinia grdminis is divided into seven sub-species attacking a particular

host.

Host specialization in Puccniagrämiis:

Host ()

Wheat Barley Oat Rye Agrostidis sp.

Wheat
Barley

'Oat
Rye

Agrostidis
Se
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On the basis of the above results several physiologic forms or sub-species or
Puccinia graminis are rccognised: as

Pucciria graminis f. tritici On Wheat and Barley.

Puccinia graminis f. avenae on Oat

Puccinia graminis f.secalis On Rye

Puccinia graminis f poae On Pae sp (Grass)

Puccirua graminis f. agrostidis On Agrostidis grass
Puccinia graminis j.agropyri on agropyron grass

Puccinia graminis f. airae ón aria gras.

Each of the strains or sub-species are imade of Physiologle races
which differ in parasitism on various agronomic varities of the same host.These varieties differentiating the races are known as "differential hostss

Specialisation of parasitism is of an extreme type fow nown asPhyslologic race' or Physilloglc form' or Blotype' has been demonstratedby Stakman afhis co-workers (1917 onwards) at the University of Minnesota,in Puccinia graminis and other rust fiungi.

Stakamn and others (1918) noted many races in P. graminis. Now nearly 300races and their biotypes are known in Black rust of wheat' and of which nearly
20 are known in India.

According to the agency bringing about the spread, in general, diseases in
pants are groped as -
1. Soil1 borne,

2. Seed borne,

3. Air borne and

4. Insect borne

1. Soil borne diseases: Are those, whose pathogens survive in soil for varying
periods.
TOots, etc. Soil is a reservoir of inoculum of soil borne pathogens. In soil
borne

Although, mostly these pathogens attack seeds, seedlings, and

diseases, the inoculum perpetuates through dormant spores and
throiggh other dormant structures in soil or in díseased pant debris in thte
soil. The diseases such as wilts, root rots, foot rots, seedling blights belongto this category.
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2. Seed borne diseases: Are thosc, whosc pathogens arc carricd O oaseed or vegetativcly propagated_parts usedas sccd. The pathogeri8
embryos. Some viruses

perpctuatatc as dormant ,nmycelium in the infectedare carricd through infected cmbryos of truc sccl or in thc vegcattpropagated partS. Such diseases are known as intornally .seed borne 5Ustilago nudairic causing loose smut of whecat while thepathogenborne
caI

t. 8.through spores on secd coat, it is known as externally seed borne 8Sphaecelotheca $orghi causing Grain smut of jowar.
3. Air burn Dlseases': Arc

disseminated through wind currents and arc capable. of long distancSpread.g.Tne rustsof wheat, blast or rice, koleroga ot arcanuy doànd Powdery.mildews of.grapes:and other crops.

those whose pathogcns arc primarillly

4. Insects borne diseases Are mostly of. virus origin. Virues are highIy
infectious and are mostly carried through agcncy of insects, mostly the
sucking types. The insect vectors are mosthy leaf hoppers, aphids, white
flies, thrips, bcetles or other chewing insects. After the virus is acquired
by its inscct vector feeding on discased plant, it may persist in the insect
where as in these instances, the virus-vector relationship is ephemeral
lasting for avery short time or nonpersistamt

INFECTION AND PENETRATION

1 Infection cónsists of actual entry i.e. invasion of the' pathogen into_the
host, its multiplication and establishment i.e. its stable parasitic relationship

within or upón the host body.1
**

- *****

The Phenomenon of infection can be studied under the head as

1. Mechanism of infection: Various processes by means infection is

established

2. Avenues of infection i.c. penetration (Actual entry of pathogen)

1.Mechanism of infection: The machanism of infection difiers accoring to

the nature of the pathogen.
florerlng 'parásites. It is aggresSive type 1n these cases while it is paasfve

type in bacteria and virusees.

The machanism is active in case of fungi and

In order to gain entry, the pathogen has to reach the host, and develam

active growth on its sufface.. After the pathogen comes in contact with the
host, the catlier phase of penetration'is concerned with spore germination ora

the host spiface. The spore lodges ina drop of moisture and is stimulated to
gcrminate by secretions'of the host. The germ tube grows into the direction of

host surface and attaches it Scli to une nost Surlace firmly by specia1
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structures known as 'appåesolra. The appresoria give rise to one or, more

thin finely pointed infection thrends or hyphac which directly pierce the

cuticle and gain entry into the interior. The process is mechanical and not
chemical.

The infection hyphae meet with the epeidermal wall,4 consisting main ly

of cellulose and secrete enzymes which dissolve the cell walls and gain
further.entry into the epidermal cells and deeper into the host tissues by itS
enzymatic activities. Thus, theprocess is chemical in laterstage.

When there is direct contact of infection hyphae and their enzymatic
activities, the contents of the hot cells undergo rapid degeneration,
plasmolysis of the cytoplasm and nucleus sets,in causing ultimately injury to
and disfiguration of invaded tissues. The infection process is thus comnpletely
by. establishment of close relationship between the' pathgen' and the host
through the help of haustoria.

Parasitism is the phenomenon .of growth of one organism, at the
expence for other, Parasitism is accompanied in 2 ways:

1. Destruction of host cells and

2. Closer reltionship between host and pathogen. e.g. Downy mildews,
Powdery mildews, Rusts.

In the phanerogamic.parsites likë Loranthus, the process is just similar
to fungi. The seed lodges on the host, production hypOcotyl in contact with
the host and sends down the primary root like structures which pierce the
host tissues and get into cortexand xylem vessels from which it derives its
nutrition. The infection, thus, established persists from year to year.

In Bacteria: The.process of infection in bcterial pathogens, on the other
hand, is of passive type. There is no direct attack and no machanical
pressure is exerted. The action is more of absorption or suction and takes
place through injuries, wounds, root hairs, nectarics and stigma ends.

In Viru ses: In the plant viruses, the mechanism of infection is quite different.
The viruses are highly infcctious and filterable in nature and find their way
through the sucking insects, which actually inject the virus into the host
isses by pointed stylets. The virus, then, multiplics into the host tissues and
spreads in the entire plant. It induces host nucleic acid. to produce virus
nucleic acid.

Avenues of infection i.e. Penetratlon: After studying the mechanism of
infection, it brings us the consideration of thenext process., e.g. avenues. of
the peneträtion or the actual manner of entry of the pathogens into their
hosts:penetration may take place through several avenues depending upon
thenatureof the parasites.
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Avenues of infection (Penetration)

I. Direct II. Indirect
1. Natural openirngs

i)Stomata
i)Lenticels

iii) Hydathodes

2. Artificial opernings
1. Wounds
2.Stalk ends
3.Insect injury.

1. Cutinised surface
* 4)Epidermis

2. Non-cntinised surface
1. Root hairs
2. Seedings
3. Necdle points
4. Nectaries
5. Buds
6. Stigma ends
7. Anthers

I. Dirct penetraion:

1. Cutinesed surface-

iThrough epidermis: (Rusts, Powery mildews and Anthranose fungi).

basidiospores in rust fungi penctrate thc host dircctly while the dikaryotic

spores (uredospores) invariably penetrate through the stomata.

The

There are, however, several plant tissucs which have no such cuticular
defence linc and make way for pathogen which use these organs as passage
for migration into the deep seated tissues.

2. Non-cutinised surfacc-

1. Root hairs; As the root hairs are non-cutinised, they niakc an easy way for

the parasites to entcr througn nem. everal soil-borne bacterial-
pathogens and many root rotting fungi c.g. Pusarium wilt, Rhizoctornia

butaticola.

2. Seedlings: It is known as systemic infection. Pathogen in such cases is

carried on seed coat or comes in contact with germinating sccd in soil.
Infection of the young succulent tissue through hypocotyl occurs at the
time of emergence of scedling and symptoms are exhibited in above ground



part e.g. D.M. at seedling stage or sometime at flowering stage e.g. Bunt

and smut. - >

3. Needle points: Infection through needle points is of special signilicance in

The biister rust of pincs caused by Cronartium ribicole which uses these

points as avenues of entry for the basidiopores.

4.&5. Nectarles and Buds: These are favourable avenues for the infection in a

iew casSes becaus. of their non-cutinisied surface and sugary secretions, e8
Venturna iniquglis .causing scab of Apples, Taphrina deformmans .(Pcach lea
cur) and bacterium Erwinia amylovora cauing fire blight ot Apples.. 7. Flower parts Stigma and Anthers: The stigma end of the 1lowers

are highly receptive organs for the entry of the pathogen because of their erect

positions and the sugary secretions given out by their heads.
Secretions attract the flies and insets and infettion 'takes plaçe. The fungus
or the: pathogen enters through the,succulent_tissues öf the stigma e.g. l00s€

Smut of Wheat {Ustilago tritici), Long' smut, Ergot of Bajra (Clauceps

fusijfornis), Bunt of Rice (Neovossia horrida).

The sugary

The penctrotion through anthershave been_demonstrated in blossom

blight of red clover caused by Botrytis anthophila.

II. INDIRECT PENETRAION

1. Entry through natural openings

Stomata: This is a very common mode of entry forplant pathogens,

The actual mechanism differs in diiferent tpes of pathogens.
penetration of baterial pathogens takes
a bsorption or suction and, therefore, passive in natue i.e. Xanthomonas

The
place through action of

malvacearumn

Many fungi utilise the stomatal opening for entry into their host

Late blight of Potato, Downy mildew' of Grapes, white rust
plants.
organisms and many leaf spotting fungi are common examplesS.

The uredosporesS of rusts infect primarily through the stomata

but the basidiospores and the aeciospores make their entry directly

through cutlcle.

Lenticels: (breathing pores): Entry through lenticels is similar to

stomatal penetration and is usually common in diseases of vegetative

parts : such as stems, tuberS and root crops, e.g. Guaya_canker:

(Pestalotia psidi), Koleroga of Arecanut (Phytophthora arecae). Common

Scab (Streptomyces scabis), powdery scab (Spongospora subterrenae).
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Hydathodes: Hydathodes are water stomata i.e. water 1s eu
through them. Whenever they remain open the pathgens enterthrou
them e.g. Biack rot of Cabbage (Xanthomonas campestris).

ded

2. Entry through artiiiical openings:
Wound: This is a special mode of entry and is mainly utilised oywound parasites and weak parasites.various agendes auch as physical bruises resulting from anunematodes ar storm, freezing injuries, sunburn.

Wounds or injuris caused by

Fungi like Rhizobus, Penicilum, Diplodia, Botrytis AspergilhisSGloeosporium causing storage diseases and ripe rots have this modc oenty

Staik ends: Storage and market iruits retaining organisms gain enthrough stak ends e.g. Blue mould of lemons, ripe rots of mangoes and
banana, Black rot of Pineapple.

ii

i) Insect injurles: Entrance through insect injury is common.
.:classical example is Brown rot fungus (Scderotinia fructicola), Injuries by
bees.owasp which not only carry the fungus but deposit the conidia in
the wounds caused by them as well as the birds. Insects also directly
penetrate their stylets into host tissues and deposit the pahtogens deep
inside.

The

The insect transmission of_virus_diseases is another classical
example..The inscct canrying and transmitting the virus is called 1nsect
Veetar

ENVIRONMENT IN RELATION TO DISEASE
DEVELOPMENT E1OPD

Predisposition : Is the action of a set of environmentTactors prior to

Penetration and' infection which makes the plant vulnerable (unguarded) to

attack by the pathogen.)
Environmental factors play dn important role in the development of

diseases in plants. Weather is one of the most important factors in the

development of the discase because it directly affects the activities of the

pathogen. The close relationship between diseases and weather is very

viousmany cses. Before it was accepted that discases were caused by

Dathogens such as fungi and bacteria, it was believed, tliat weather was the

Tmary cause of diseasc. The spontaneous appearance .of one or more

athogèns in the lesions was regarded as the effect.

in order to have disease outbreak to reach epitphytotic proportions, three

nditions or requirements must be met simultansousiy viz.;

asceptible plants must b growing in the area, (2) A soure of inoculum must
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De present and (3) Weather c.onditions must bc suitable for, the developmernt

O the pathogen. If any onc of the three conditions is, not imet, disease

development cannot occur.

any weather factors can control or affect the rcaction of the pathogern

na the host. Temperature and molsture are moré important with air

Ovement a close third. In addition, the frequency and amount of raintal,

e,soil moistureand light also infuence the pathiogen developiment.

M

weather conditions are favourable, the,severtiy of disease out-break is

aso determined by number of other factors, Hostsusceptibility 1s aficcted Dy

e croP types, degree of resistance, general health and vigour and the stag

Or development. Weather factors may interact e.g.. the moisture.may aiect ne

teimperature.

Beneral, noOne weather factor is involved in determining disease

aevelopPment, but somewhat a combination of factors must interact to provig

the necessary regime for disease development.

Besides, the normal definition of the disease as disturbances in the

equilibrium of the host in respect of the structure, physiologY or both and

which may lead to the death of the plant or reduce the economic value ot the

product; the disease is definelas a complex phenomenon resulting from, an
interaction between the host, the pathogen and the environment
Environment is thus an important factor for developrnent of disease. Discase
assumes serious proportions only when the environment. favours development
of the causal organism. The diurnal and seasonal, variations of weather in a
particular locality may affect the composition of aerospores and this iníiuence

the incidence of disease by airborne pathogens. It is due to the environment
that some diseases: are prevalent in certain areas and their activity is
restricted to certain parts of the year.

*

Eavironment comprises of three main factors.
Meteorological: 1. Tenperature 2.
4 Topegraphy 5. Dews 6. Light 7. Lightening and hail storms
8.

Humidity 3. Precipitation

Industrial by-products.

8oll: 1. Soil temperature, 2. Soil Moisture 3. Soil condition or texture
4. Soil-reaction 5. Deficiency or soil fertility.

Biologlcal factors: 1. Insect fauna, 2. Soil flora,.
I. Meteorological factors:
1. Air temperature: The inluence of temperature on development of thedisease need.not. be the same as that of the host or parasite. Conditionsfavourable to one may he unfavourabto the other. Pathogens differ in theiroptimum

organism has cardinal temperaturë growth. The temperature determinc thedistribution of pathogenic fungi and the diseases cused by them.
Black stem rust of wheat.(Puecinia graminis tritic) requires 21 to 26°Cand hence is generally prevalent in.south India, Leáf rust or Brown rast of

temperatur for growth sporulation and ,.infection. 'Every

tRondy ewS,opqy capn



Whcat (Pucciriia graminis recondita) requircs 15 to 21 C and henceis
prevalent in central Indin whilc, ycllow or strlpe rust (P. gramninis striformis)
rcquires 10 to15Ci.e. cooler clinte and lience in corninon in North
India. For development of late blight of Fotato in ficlds the cardinal
temperature in Potato growing scason is optimum.

Typically the tropical diseascs require high optinum (25-27°C) while the
temperate discases 18-22 °C. tempcraturc.

Sr. Diseas30 Minimum MaximunOptimum
temp. (0c)

22
No. temp, (OC) teinp (°C)

Late bight of Potato

2. Early blight cf Potato
:Downy mildew of Grape

12 27
35
303.

PowderY midews
5.Stem rust ofwheat

2. Humidity : Humidity is one of the most important factorg innuencing the
fungus growth."High humidity conditions help in germination and

reproduction of fungi: Hhumidity may influence the rate of transpiration in

plants. It also favors the stomatal opening. High humidity in combination

with temperature has brought about epiphytotics. The koleroga discase is

more severe in heavy rainfall area. Similarly heavy rainfall is favourable for

bacterial blight, blast of paddy) and angular leaf spot of cotton. Cloudy

weather is conducive (helpful) to'usts where as bright'light reduces the

infection of rust but' is necegsary for condial production in powdery

mildews. Some powdery mildews can thrive under less hiimid conditions.

3 &4 Precipitatlon and Nows: They, help in increasing the humidity and

thus help in germination of spores and infection of discases. These factors,

in combination with the temperture, bring about epiphytotics of diseases

like koleroga of arecanut, Downy mildew of Grapes, Blasts, Alternaria

blighis, rüsts stc.

10 3524
25 33

Karnal bunt of wheat caused by Neovossia indica develops best when

rains. are there at the time of flowering with low temperature (15p°C).
Coffce ust (Hemilea vastatricsjis influenccd by rain and humidity.

3. Topography : Thc rusts of wheat are iníluenced by air temperature and

ultimately the distribution depends upon the topography.

Region Air Temp. | ver Summers
C)

21-27

Sr. Diseas3e
No.

1. Stem rust 4,000 ft. above

8ca level
5,000 ft. abeve

Eea level..
10-18 .7,800 t. above

sea level

Seuth India

16-212.Leaf rust ei Brown rust Central India

3. Ycllew rust North India
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. Light: The influence of light, though important, has been dificult to

separate from the influence of other climatic factors. Powdery mildew

pathogens germinate better in light but ecologically they are more

prevalent in shady localities.

T 8. Lightening, Hall storms and Industrial fumes: They are also

responsible and ofspecial significance in areas situated near towns and

industries. Fumes like So2,HCL, Chlorine and fluorine etc. are highly tOXIC

to the delicatefoliage and blossoms. Lightening and hail-storm also cause

crop injuries.

ISoll factors

o11 temporature : In several soil or seed-borne diseases soil environment

iniluences the incidence of the disease. Soil temperature acts dircctly on

the host in some cases and álso the pathogen in other cases and increases

nc discase development. This factor acts on the host, which is highly

susceptible to the ever changing .micro-climate of the sol. A general

retardation in the growth of the host brings-in greater opportunities for he
attack. of the pathogens and higher incidence of the disease: Disease 1s,

Thus, a race between two opposing forces, the hoat and the pathogen, the

one trying to overtake the other.

ow temperature at the time of wheat sowing is responsible fo* bunt of

wheat as 10-15°C is favourable for bunt-spore germination.. Soil moisture : Several damping-off fungi become, severe in high soil
moisture. Since zoospores of Phuytophlhora and pythium are more active
in presence of abundant water þecause of their repid dispersal) On the
other hand,)lag smut of Wheat and Scab of potato are favoured relatively
at low soil moisture level. Flag smut in Punjab is more severe in nmoderate
soil moisture level. High soil moisture has been found to favour the
bacterial diseases: (Wet rot of potato) and the viru disease (Big vein of
Lettuce). Panama wilt has been found to be severe at 23% soil moisture
and decrease with increase in soil moisture content. Head smut of jowar ismore severe at low soil moieture. Many non-parasitic diseases like
blossom end-rot of tomato, corky apot of apple, mango and other fruits are
variously infuenced by soil conditions, with special refererice to water

relations.
Soil conditlon or Texture: Heavy soils retain more moisture while light

soils retain less moisture. Neturc of the soi affccts the discase
development. Heavy sols with p0or drainage are more prone to cause root
diseases.

Soil reactlon: The growth of the organisms may be.inhibited or prevented
m too acidicor too alkaline media and so is the case in the soils. PH 5.to 6i.e. acidic) is most favourable for most of the fungi whilcbacteria and
lavoured in alkalinemedium above 7.5 PHL The best examples are theScab of potato and club root of cabbage. Alkaline soil favouruus
development oí scab (Streptomyces scabis) while 'club-root of cabbage
(Plasmodiophora brassicaej 13 1avoured in acidic soil.



1. oll fortilley oYDellaiunolov : (lenerally exccsn_of nitrogen caunea lho
8tucculent growth, tisaues becone aoft and plthy and makes the planta1Hcptiule to tho ellaenne, Whilo pota»lh nnd phosphatic manuren inereamcthe resistancc or imninity in planto agoinat tho pathogena. 'Thc ellect fsoil fertility fo direct in eaae o Aingi.

In soil, deficiency of nom: ninor clementa like 2n, e, Mn, loronfaur the levelopinont of deliciency tlineused aluclh ns mottle leaf of citnin,chlorosia of augnrcane and khnira discnse of paddy. Red leof bllght ofcotton is belived to be duc to deliciency of N, P and other minor clemcntalike Mg.

IlI,Blologleal fnctors:
1. Inscot faunn: lnscct fauna and soil micro-(lora are very inportant Lnmany viruannd otlier diseases. The intieotn are mainly reaponalble lorrcarrying the virus infection and, therefore, the distribution and populationof insects determines the severity of these discnscc.g. Aphids mostly carzTy

mosaic víruscs, Jassids transmit ycllows types, wlhitc flica transmit curls;
and thrips sprend ring spots etc.

Some fungal and bacterial discascs are also transmitted by insccts c.g
Citrus canker by lcaf minpr, Dutch clm dlscasc by bectles, Mangoo
malfornnation by mites ctc.

2. Soil lora: Soil population comprises of ungi,
'

bacteria, worms
(Neatodes) which are cither saprophytes or parasites. They influence the
incidence of the diseae.

Some soil fungi açt as antagonists (opponents) and do not allow the
pathogen to grow, Rhizobium, Azotobacter ix the nitrogen and help in
better stand of the crop.

Soils which are known to harbour the pathogenic organisms are
known as 'Sick soils'. The sick soils beconic unfitcltivatión of certairn
crops.

DISSEMINATION OF PLANT PATHOGENS

Disseminatlon meansspread: Many plant pathogens nultiply with
repidity and produce large number of spores in small space and within short
time, and have highly efficient methods of spore tiberation. Some kmds of

inoculum of thepathogens remain viable for a long time. The timely and wide
sprcad disscmination of the pathogens 1s important iTcausing cypiphytoticss.
casonal variations in dissemination may affect disease development in a
single season only. Disscminatjon of inoculum may be local, discontinuous or

Ipid and continuous.

Al parasitic discases are transmissible i.c. they are infeclious with ara
ability to spread. The transmisaion may be continuous or discontinuous.
AIDuOus relates to the spread in a gcographical unit from one part to



another part of the samehost, host to host, field to field or locality to locality

COSely gonnected geographically. This ultimately covers long distances c.g.

Black stemrust of wheat.

Discontlnnous refers to long jump transmission and usually takes

place betwecn two geograplhical units separatcd by physical"bapjers such aa

ocean s.

Dissemination may be effected through various agencies. Knowledge of

aissemination of plant pathogens is essential to evolve suitable and efective
control measures.

Agencies of Dissemination
I. Continuous dissemination:(SH distance dissemination)

Autonomous 2) Natural agncies like air 'or wind 3) Water 4) Animals

5Birds 6) Insects 7) Nematpdea 8) Mites 9) Agril. implements 10)Sou
11) Seed

Discontiuous dissemination(Long distance disseminatyion): 1) Man

I. Continuous (Short Distance) dissemination:
. Autonomous The manner of spread of plant pathogen is restricted to

short distance through Rhizomorphs and hyphal strands of fungus e.g.
Wood rotting fungi and root rot fungi. (Armllaria, Polyporus, Ganoderma,
omes). Some inoculium (the Zoospores and many bacteria) is motile in"
water and can swim ever short distancesoK Shasorra beo P-a
Anemochory or Wind: This is the most common and eficient means of
dissemination of air-borne diseases. The fungi have devices for easy
schare of spores and are disseminated by air or wind. The transfer of
inoculum can be rapid.

Spores of Downymildew, Powderymildw, aeciospores, and
basidiospores of rust fungi are unable to withstand long distances. Spores
of blast and uredospores ofrust are well adopted.for long distance fravel inn
viable condition and are responsible for epiphytotice. Resistant inoculumcan withstand during long distance dissemination through air.
Uredospores of Puccinia graminis tritic can spread north ward fromNorthern Mexico into Canada through the U.S.A. at least 3200 km in.as

Similarly, the rust uredospores reach Maharashtralittle as 2 months.
from Nilgiri Hills in Tamilnadu through air.

3. Water: Water serves an agency in dissemination'in two ways:water as a result of heavy showers and irrigation. Water Moulds, whiterust and some Downy mildews produce motile spores and they migrate bythe action of their flagella. Al bacteiad disegse eg. Ciga

by runing

fot of catt=

by Xgythong-
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Flood or irigation water carry many fungi from ficld to field or irone placG to another e.g. Colletortichum falcatun, Sclerotium oryzrolfsii, FUSariüm, Rhizoctonia and seeds ofstriga, orobanche, cuscuta

S.
ctc.

The dropping of moisture fron heavy dews, splashing-rain atransport spores from leaf or plant to adjustment plant c.g. Phyioproand downy mildew fungi;

Animals: The farm animals pláy some role in dissemination.of plant
Xroalvataasuw

Ar
pathogens which. are mostly, soil' borne e.g. Sclerotia and rhi20nowhich may be caried by adhering to the lege of animals. The smutrcan, also be carried from field to field through alimentary canal ot 1aanimals. Jge peek coung pores dkos Padho8do

5. Blrds: this mode of disseinination occurs in a few specific cases.. Birds
visit the diseased plant and get contaminated by spores. They transmit
the spores to healthy plants .e.g. Chestnut blight (Endotheca parástic
and seeds of Loranthus. Birds are also kinown to carry Cleistothecia or
Powdery mildew,

6. Insects: Insects plany a specific role in the transmissionof virnNs and
mycoplasma disçases of plants. Insects act as specific vectors. Dependin g

on the virus, the insect vectora are leaf hoppers, aphids, white flies, thrips

etc.

Insects also carry fungi externally or, internally, Insects are attracted

to sweet and honey' secretions of fungi when they produce conidia, oidia
and sepermatia. Spores of ergot discase and spermatia of Puccina graminis
are transmitted éxternally by insects.

Insects also transmit bacterial disease e.g. X. citri, Erwinia etc.

7. Nematodes: Some nemat odes transmit sorhe viral, bacterial and fungal1

diseases. The Xiphinema, Longidorus, Tichodorus species of nematodes att
as vectors.Nematode transmitted Polvhedra) virus particles (NEPO) are
tobacco ring spot, Tomato ring spot, Arabic mosaic, Cherry leaf roll, etc.
WhileNematode Transmitted Viruses with tubular particles (NETU) are
Tobacco rattle, Pea early browning.

The NETU viruses are transmitted by the species of Trycodorus. Similarly,

in bacterial diseases (Ear-rot of wheat) Yellow car-rot (Tundu) of whcat, the
bacterium Corynebacterium tritici is transmitted through the ear cockle

nematodcs (Anguinatnic)

8. Seed: The seed and vegetative propagating parts may carry internally the

fungi (Mycelium and spores) or spores mixed with seed. Some fungi are
carried on external surface of the seed. e.g. Sphacelothea sorghi; Ustilago

tritici, .Colletotrichum, lindemuthianum, Colletotrichunm. falcatum,
tritici,
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prthora infestans, Claviceps purpurea, Claviceps Jusiformis, and seeds
of Cuscuta in Lucermc seeds.

9. Agricultural oporations; Plant pathogens may be tranemitted by
Opcrations like ploughing, transplanting, watering, prunning, cufting cte,
e.g. discases of potato, Tomato, Sugarcanc. Tore.co

10.Soil, Compost and man. ure: By transport of these materials,.fungi may
be introduced into new area. Infected soils may reach other fields invarious vays as on feet of farm workers, or on agricultural implemtns.

l. Man: man is an important agent in dissemination of plant pathogens.Due to export and import of seed, ornamental plants, tubers, fruits,Cutting3, setts thc sprcd of plant diseascs arc brought about e.g. late blightof Potato, Citrus Canker.
P-aTransaisslon of Plant Patholoy thrtugh man

Shomo Das

Plant pathogen{a) Transmltted YeRT
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Many discascs causcd by fungi, bacteria, Nematodcs, viruses floweringplant parasities have been introduced in new regione through the gency ofMan e.g. Chestnut blight, citrue canker, pine rust, Dutch elm diseasc,powdery mildew of grapes, malze ruet.

EPIDEMIOLOGY

AEpidermiology deals_vith_autbreaks and spread of disease iiROputation. Epidemiolog or epiphytology of plant diseasea is essentialy astudy of the rate ofmultiplicatlon of apathogen which determinesits capacityto spread adiseASe in a plant populatjon.
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Compound Interest Discascs
In such discases the rate of increasc is mathematically nnuosAitodcompmpound mterest n money. The pathogen produces spores nt n_veiyeate. These spores are disseminated by rapid means such as air. Theyother plants. The incubation period and sporulation period (period betwee n

inoculation and sporulation) is short. New crop of spores is producecl,
disseminatca and the cycle is repeated. There are, thus, several or many
ceneratdons of the pathogen in the life ofthe crop. Since the susceptible host

other plant.
inocu
disseminated
generatic
area is fixed, by the acreage under the crop, amount of uninfcctcd ussu
continuously declines as the spread of the dlscase continues so that thc atc
of spread in terms of new infections also deccreases. Pathogens sprcadingmeans of air disseminated propagules, 3uch as rustsof cercals and latcofpotat0, show.this type of spread. However, the spread is continuous oniy
thc envronment femaims continuously favourable .for spread, infcction a
discase development.

As an exAmple of compound interest diseases the nature of spread o
rust of wieat (pucainia graminis tritic) can be considered. In India, this russt
does not have a local source of primary inoculum. It survives on alternatc Or

collateral hosts in the form of active pustules of uredospores at remote place
These spores are brought by wind to the main crop. In the beginning only iew
pustules of rust develop in the orop. Each pustule is capable of producing
roiughly 50 to 400 thousand of uredospores. which, are disseminated by wina
to other plants. Theoretically, the same number of the infetions can be

caused in the crop: Each new infection is capable of developing into a spore.
Dearng pustule within 5-7 days at a temperature of 24°C. Thus, within a
week of appearance of the fitst pustule in the crop several thousand new
pustules are formed which coüld repeat the process within a week, If the
weather conditions remain favourable for only few weeks the entire crop is
severely affected by the disease.

Simple Interest Diseases
In these diseases the increase is mathematically analogous to simple

interest in money. There is only one generaion ol the pathogen in the life of

the affected crop. The primary inoculum is seed- or soil-borne and secondary
infection rarely occurs during the season. All late infections noticed in thc
11eld are from the pre-existing inoculum in the soil. The simple interest
alscases are exemplified by such sou D0TnE ungas causingwil and root rots
andseed- borie smuts such as loose smut of wheat, covered smut of barley,
sorghun,etc. In the wilt disease there may be very slow secondary spread if
the påthogen'can sporulate on the host,surtace and other plants are in a

ositüon to be attacked. Normauy 1tdoes not happen-since the.fungal
propagules have to pass through.the barrier of. soil to.reach the roots and
most propagules are lost during thispassagnsmuts, there is infection at
seeding stage but the pathogenmostly sponulates in the intorescence. These
Cases are mostly systemic m nature, ao not produce propagüles external to
the host diuring the active season, and the dispersal of propagules is restricted.
Dy Climatic and biotic conditions.
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e) TVbUrble
Essential Conditions foran Epiphytotic

For establishment of an epiphytotic the following conditions are nccessary.

ncse conditions are concerned with the host, the pathogen and the

environnent.(HoS1
Distance of susceptible plants from the source of primay

inoculum: The disease in an arca is initiated by the primary

nocuium surviving at some source. Longer the distance from the

source of survival of the pathogen longer will be thc tirne required

Or Duld up of epiphytotic in a su8ceptible crop. During dispersal

n diiierent direction the density of primary inoculum is diluted

and as the distance increases fewer propagules are likely to reach

the susceptible surface. This can occur in the'samc ficld, among

different fields and in a larger area of the country.
Abundance and distribution of suceptible hoats: Continuous
culdvation of a susceptible varicty in a given area, larg¢ areas
under a similar susceptible varicty, and distribution of the variety

over large contiguous areas help in build up of inoculum and

unprove the chances of epiphytotics. Under these conditions thc

pathogen is able to use maximum number of its propagulcs
efectively, increase the rate of mnultiplication many times and
repeat the discase cycle quickly:

iii) environmentsDisease proneness in the
Susceptiblity jagenetically controlled but pronenc38 in the plant

to get infected can be induced by environments and other factos.
When such conditions exist the host is liable to more vigorous
attack and successful infection by the pathogen. A susceptible
variety becomes more susceptible and even a moderately reaistant
variety may tend
favouring proneness are prevalent. Under these conditions the
pathogen has better chances of multiplying, causing infection and
effecively use its propagules lor secondary spread.
Presence of suitable alternate or collateral hosta; This is
required only for those pathogens which survive and multiply on
wild hosts during absence of the cultivated host. For pathogens
spreading through heterogenous infection chain presence of an
alternate host ia necessary for providing primary ihoclum. The
amount of inoculum thus available will determine the intensity of
primary inlection and subsequent sprearl. Prcsence of collateral
hosts plays thc same rolc:for pathogens of homogenous or
continuous infection chain. Grass hosts of sclerospora. sacchari,
Sclerospora philippinensis (eugarcane sniut), Pyricularia oryzan
(rice blast) may produce abundance of inpeulum aidirng in build
up of epiphytptics of theae diseases.
Presence of aggressivo itolate of the pathogen: Only infectiousdiseases can take the form of epiphytotics, For any epiphytoticrapid cycle of infection is essential and succssful infection canbe caused only by aggressive isolates of the pathogen.

host due to

towards susceptibility when conditions

iv)

AHerade host Eorgimg difftem
Kust af ateotPuccinia $augihg

un hast heot
L.

oiticeR
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High birth rate of the pnthogon: Among anlmate causcti o pi

v
discascs the hlgh birth rate of Uhc pathogen ls an importa
contibutory factor for cpiphytotics.

The sungl that nssum
cpiphytotic form invarlablyenórmous quantity of spores that are adaptcd to qulck and ob
distancc dlispersal in a short time so Lhai they can take ndvanof favourablç weather conditions during that short period. The
spores are asexually formed uaually on the expouetd,surfacC Or uhost for dispersal by wind,water and insccta.

have the capacity to produce

vi LOw death rato: Among fungi the varlatlons in clrcumstanceo odispersa by wind, minute sizo'of unprotected oporca, posuiDchanccS ol: lalling on wrong houts, 'etc. are many factors ncause high death rate anong the propagulcs. "Hoever,WcaknesSs is' offset by extrémcly high birth ratc. Epiphytoticsattributcd to low death ratc of pathogens arc those in whic necausa agcnt i systemic and protected by the plant tissucs. Thus,the chances of high mortality arc reduced to the minimum. ichief source for accumulation of inoculm
therefore, the build up of cpidcinics 15

for vegetativepropagation and,
Comparatively slow. When a particular area becomes saturatcawith discased
cplphytotics arc very high.

plantirng matcrial chances of occurrencC O

.viii Easy. and rapid dispersal of the pathogen: Thc ability of a
g pathogen to cause epiphytotics is dependent as much on itsp6 dispersal as on high birth rate. The units of propagation produced

by the pathogen are dispersed by external' agencies which must
be available if epiphytotica are, to develop. Fungal spores are

mostly disseminated by insects or, for becteria, by water. The
velocity of the wind, its direction, moisture, number of suitable

insect vectors, their rate of reproduction, feeding habits, ctc.
determine the degree of epidemics. The fungi have special
nechanisms' for making their spores wind-borne. Usually the

b spore discharge is with suficiermt force to throw them in upper air
currents. In addition these spores are light, minute and resistant

to adverse conditions encountered in turbulent air.
ix) Adaptabiulty of the pathogon: Weeds aeldom die because they

have the capacity to' adapt to aciverse conditions. Most of the

pathogens catusing epiphytotics can be placed in the same
category. They can adapt themsclves to various comditions listed
above. However, exceptions can Cast to these requirements. The
ncccssity of adaptability can be substituted with other qualities

such as high birth rate.
Optimum weather: Mctedropathology deals with the relationship

and cpiphytotics. Optimum moisturc,between weather
temperature, light, etc. are necessary for 'activity of animate

pathogens. They are as much imnportant aa the nutrition for the
pathogen. Assuning thata paruclar fungus meets all thc above

requirenents for causing epiderric, it has high birth rate, high



aggressiveness, produces abundançe of wind-borne spores, and
the sparcs fall on susçeptible hosts that are prone to infection
even then infection, invasion and developmerit of epidemic tmay
not occur if weather is not favourable for germinatior
in absence of light stomata have not opened to permit entry of the
infectlon tube or when the stomata open the moisture is so low
that the germ tube has dried. The weather also affects the activity
of the pathogen on the host surface. It may not permit
SpOrulation on' the host surface thus reducing amount of.

noculum for secondary spread. The spores may be washed from
leaf surface by rains before penetration has occurred.

of spores or

Decline of the Epidemic»
No epidenmic remains for ever in a population. After development of the

epidemic a stage is reached when it shows decline by itself. This tage is
ey common in epiphytotics of crop plants. The causes of decline is
epiphytotics are as fllows:

The saturation of the pathogen in the host population: In a
particular area when a disease assumes epidemic form, majority
of the plants contact infection. The non-availability. of more host
plants limits further spread of the pathogen. This Tesults in
production of less inoculum, fewer secondary infections, and
finallyno new infections. The plants that escape infection are
those that possessed resistance or in which rsistance developed
during the epideinic. It is possible that in future only these plants
will be grown in that area, Thus one of the advantages of an
epidemic is that it eliminates susceptible individyals and permite
only the resistant individuals of the population to surviveand
breed.
Decline of proneness ln the host: Most discases attack the
plant at a particular stage of its growth. When the plant has
crossed this stage its proneness for contacting infection is
reduced or cornpietely lost. Under these conditions the epidemic
will automatically decline.
infection throughout ita life and its population has been infection
throughout its life and its population has been affected by an
epidemic,
favourable for disease development. As a result further spread of
the disease will becheckçd and the epidemic will decline. Wheat
crop in northem India ugllalY_Eets lheattackofrusts in January
toMarch. pidemics.develon during these months. Although the
plant remaing
development of the digease is checked because of rias in
temperature which is unAVOLirable for the pathoren.
Reductioi ln axgtessive ness of the pathogea: Due to above
mentioned and other causes the aggressiveness of the pathogen
may be reduced. When all susceptible individuals are destroyed
by the pathogen, it may try to parasitise the remaining resistant

When the plant is receptive for

the weather conditions may not remain always

prone to attack afterWArds alko further



iduals of the sanme spccics. 'In these ndve

may lose its pawer of succc8sful infection, its reproductianae
slow down, and thus it may not remaina aggressivc as wnc*

conditions were favourable.

individ

dverse conditions it

PLANT DISEASE FORECASTING

(Forecasting involves all thç activitics in ascertainingand notilyinfarmersinaComununity.natconditions are sufficientlyfavourablefor certuiscases, that.appicauon.Ol.control measurcswillresultin cconomic.Bhat the ameunol.aisease.cxpected
is unlikely to be enough to jusauyexpenditurconG,CnerEy.and.moncy.for.cantrol.)

the

he

This requires complete kmowledge of epidemiology, that is, developcof the diseasc in plant population under the influcnce of the 1aassociated with the hogt, the pathogen and weather. Forecasting is-aenua,appliedepidemiology.

Practical Advantages of Forecasting
Forecasting of disease contributes to prediction of crop yiclds. Although it

is not the sole factor, without consideration of possible occurTence of disease
no forecasts of crop yields can be true. The disease forecasting has two tacets.

It can be short term forecasting.during thecrop season or just before the
Cropscason,or it canbealohg term forecasting.predictionsofdiscase being
made years in advance. Both are possible if sufficient data on weather, varicty
and response of disease cycle of the pathogen to these parameters, are
available. Possibility of occuTence of discases can be detectcd.

Thus, by detecting per cent infected or contaminated seeds in random
samples and the extent of distribution of such seeds one can give a. rough

estimate of possible extent to which primaiy infection ofa disease can qccur
in an areâ.

Primary inoculum of virus diseases of potato, loose smut of wheat, ergot of

yc or bajra and ear cockle of wheat ca be detected in sced lot by different

nethods and necessary warnings can be given to the growers against use of

uch secds without proper precautions. By collecting data for several years on

cather conditions during the crop scason and pattern of the diseasc

Cldence, supported by laboratory studies, correlation between the two

Weather and discase) can be detcrmined and on that basis forecasts can be

ade whenever meteorological conditions tend to become favourablç for

Serious disease incidence.
ome Examples of Disease Forecasting

I1ue to its devastating effects and its effecüve control with fungicides late

ght of potato {Phytophthora infestans) Is one o the diseases on which

casting has been tried since long in Britain, Burope and the U.S.A. The

0plcx relationship betveen weather and blight can be seen from the



$2

,ing hiile ra ofihe puihogen and this has bcen utuliscd in devel opinip.
1asting systens for the discasc. Sporangia are torined.ata relativ.
idity ofnearly 100 per centoratleastmore than 90 percent at 189

C for at least6 hoursor at120-150C for at least 12 hourS Sporangia lose
ir_ viability in 1:2hours at 20-40 per cent relative himidty [RH or in 3-6
hxs at50-80 per centRH Thus. the favourable_conditions tor their
Nalor must cccur soon after their formation. These condiüonsare the
2isence of moistire _and a fairly low temperaturc (10-15°C| 1or O.5 to 2
hurs. Infection of the plant by zoospores liberated from sporangia require s at,
least 2-2.5 hours at 100-25°C and the fungus there after develops most
rapidly at 180-21°c. The incubation period in 3-5 days under favourable

CCnditions but mustbe longer at high temperaiires.

The first successful warning system was developed in Holland where the
four Dutch rules were formulated more than 50 years ago. The appearance of
blight depends on 11a night temperature below dewpoint for at least4 hoLrs
that is dew atleast.forthis time):2)aminimum temperature of 10°¢or above:.
3 ameancloudinesson thenext dayofat least 0.8 and 4)atleast.Q.1mm of
LELIN during the next 24 hours. These rules worked well in Holland but wh en
tried in South West they failed to be accurate. There, the rules.were reduced
to two, viz. a minimum temperature of 10°c and a relative humidity not falliznng

below 75 per cént for at least 2 days. Seasonal and. regional variations occur
in inoculur density and weather and hence these niles may not.be applicable
erywhere.

n theunitedstates two Systems of forecas ting weredeveloped by yre
DB4) and Wallin (1962) The gyre's system-is basedon records of daiy
TAltilall and maximim aridTninimum temperaurces. ne initial appearance ol
la te blight is orecast 7-J4 days aster the hirst occurrence of ten consccutive
15iight favourebie days. Aday is blight-favourable when the 5-day average

LEnaperature isbelow25.c and ihetotal rainfall for the last 10-daysperioc
S1more thai 3.5cin. Days on which the minimum temperature falls below
7.0C are con sidered urnfavourable for-blight development. This systern does
requirë that data be coller:ted in the crop canopy.

Cn Wallina systera bligut for:cast is based on relative humidity (RH)

emperäirc. it tak:S nto cOn sideration the seasonal accumulation of
Tr es, evcrity_valucs are numbers arbitrarily assigned to

ie relatiornshipi between durationof RH, periods of more than 90 per
Iit and the average temperature during thoseperiods The first occurrence
ol lateblight is predicted 7-14 days after 13-20 severity values have been
arc:umulated from the time of plant emergence. In this. system data are
recuired fron within the crop canopy.

Although botlh systems in the U.S.A. were used formore than 18 years,
were no1, videk aCmtcc ani Lulised by farmers because the systems

not readily avziiahi: ri alim.iy, regular and iocalised básis, this has led

kvelopment of a conputer programme which combines both these systems
d rovides the growers with a late blight control programme tailored totheir

al conditions.
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Forecasting has been applicd, in case of many other diseases on nebasis of (1) WeathCr conditions during the intercrop period, (ii) weather duringthe crop season (1ii) amount of discasc in the young crop, that is, the initiainoculum level, and (fiv) amount of inoculum in air, soil, or planting matern
Prediction of downy mildew of grape (Plasmopara viticola) is made orn

the basis of weather favourable for germination of the oospores and infectiora
of the plant., Phytophthora phaseoli is predicted on the basis ol ranntemperanure. A day is considered favourable for the discase when themean moving temperature (recorded graphically) is less than 26°C with the
minimum 7°C or above, and the 10 day total rainfall is 3.05 cm or more. The
disease is nkely to appear after about 8 consecutive favourable days. The
sprcad of tikka.or leaf spots of groundnut (Cercosporidium personatum annc
Cercospora arachidicola) in Georgia (U.S.A.) is favoured by diunal periods ot

10 hours or longer with RH at or above 95 per cent and with: temperatures
above 21°C dúring these periods.

Although not much work has been done on disease forecasting inIndia,
except for finding out correlation between temperature-moisture conaitos
and fungal activity, there is good amoùnt of dáta for forecasting blast of rice
(PYricularia ory2ae). Forecasting can be made on the basis of minimum nign t

temperature range of 20-260 C in association with a high' relative humidity

range oÍ 90 per recent and above lasting for a period of a week or nore durng

any of the three susceptible phases of crop growth, viz., seedling stage, posE-
tránspanting tilering stage, and neck emergence stáge. Another approach 1s
to plant highly susceptiblc variety in the locality and watch for occurrence of

the disease. If the discase appears in this indicator crop and above weather

conditions have been prevalent, a forecast of coming epidemic can be made.

The timings for. spraying the crop with fungicides or antibiotics for

direct control of the disease could be iixed on the basis of data for forecasting.

In absence of such forecasting system the farmer has no other alternative but

to start. control operations at the approximate time of appearance of the

disease and watch further developments. f disease appears and spreads hee

has to repeat the operations at short intervals. f accurate forecasts are
available the farmer may not even have to start control operations or reduce

the number of sprayings, thercby, saving moncy.

Computerised 8ystem of Disease Forecasting

The late blight development depends more on the crop climate than on the

climate outside the crop. Thus, among the various systems mentioned earlier
for late blight the Wallin's system seemed to be more reliable although otherr
systems also had their local merit. A situation, encountered in the tarai area
of north-west, U.P., exemplifies the role of climate in the crop canopy. In

many fields thc blight was present only in traces on the surface of the crop
when inspected from outside. But when tubers wereharvested, 50-60 per
Cent of them started rotting within a day or two before they could be
ransported to cold storage. A study of the problem revealed that actually

blight was not in traces but in severe form, only it was not observable írom
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the top of the crop. The tubers were severely affected by late blight fun

pleand this pre-disposed them to soft rot bacteria. What actually happerned

that the crops had luxuriant growth and very thick croP canopy due to amn

irrigation and uses of fertiliscrs. This prevented examination of the under

growth during inspection. Since the weather outside was not conductive t
blight epidemic, no attention was paid to the examination of undergrowth

However, the thick crop canopy created ideal conditions for epidemic which

existed around the lower leaves but not on the top leaves exposed to outer

climate. The diseasé continued and zoospores caused infection of tubers.

as

The example brings to light following possibilities:

Crop canopy of a luxuriant growth in aparticular area makes the crop

Climate favouable for epidemic and independent of macroclimate.

2. The meteorological data outside the field. (as used in Hyre's system and

Dutch rules) may be deceptive if recorded as unfavourable for bight and
data must be taken from within the canopy and in between the rows (as

suggested in Wallin's system)

3. Since crop canopy resulting from luxuriant growth wil1 depend on

igation and ferilisera uscd in the cropping system, and theee, in turn,
will vary from field to field and farmer to farmer, the crop climate may vary
accordingly amorng the fields.

4. The above possibilities imply that epidemics will vary from field to field
wihin the same locality and, therefore, a generalised forecast for the entire
locality may not give benefitto all categories of farmers in the, locality.

Many of these questions have been answered by a system using computer
and known as Blltecast in thc U.S.A.

The Blitecast isacomputer programme integrating bothHyres system andWallins system of iorecasting..based.on rainfall, temperaiire and rclative
umidity.The system is a service relaying information on forecastfrorm a
central office to those who seek such forecasts. The data for the forecast are
acquired on the following.

Maximum and minimum temperature for the day.
-********

2. Numberofhoursofrelativehumidity.more than90
3. Maximum and minimum.temperatuc.during.the period when therelativehunidity was more than 90per.cent.
AThe rainfal reordedat 24-hour basisand measuredtothe nearest 0.1cm.

The temperature' and humidity data are recorded with a shelteredhygrothermograph located between the rows and within the crop canopy.Data recording must start early in the season when emerging plant fofagestarts giving thc look of green rows. In the early sstages, there will not bcinuch diference in data from within the crop and outside.
When, an American famer desires a Blitecast, he teiephones theBlitecast station giving most recently recorded environmental data. The



B1ltecast operator feeds the data into a computer programmed to usC uacdata which analyses them within a fraction of a sccond and returna .neforccast and spray recommendations to the operator who rclaya thc samoothe farmer on the phonc. Thc operation takcs only about 3 minucts,; *Tnecomputer programming for Blitecast integrating the two systeme mentioneaabove determines approximate severity of disease and accordingly determinSwhether sprayirng is necded or not and if needed what should be intcrval, 1.S.5 days or 7 days.

The prOgramme has two parts, one determining the possible occurrence
of the discase which it can do.éven with data from outside thc crop canoPy
and the other determines severity and recommendation for sprayin8

More expensive cquipments based on the principle of Blitecast are beng
hese are self-containcd units, programmed with pararmetexs

determining. epidemics of late blight, and placed in thc ficld where they
developed.

continuously monitor the weather and as soon as, a critical period has
arived, flsh the warnimg which can be interprcted with the help of directiorn
charts.

VARIABILITY IN PLANT PATHOGENS

No plant population can remain genetically pure for a long: time.
ueneucaly difierent individuals "may develop due to self-pollination' arnd
mutation, etc. Thesè self generáted variations can make the plant resistant or
suscepEible. Similar cåuses induce variations in plant pathogens also. On the

same host numerous spores forrned by same' parents may possess .different

.characters including aggressiveness and adaptability for the host. Viruses,
bacteria, and fungi undergo genetical changes, by one or more methods,.

Vinuses and bacteria are not known to reproduce' sexually.

Genetics and Varlability of Viruses

not consideredd micro-organisms. However, reseárch in
Viruses

molecular biology that the molecular structure of viruss has the capacity of

transferring its characters to its duplicates,produced in the host cell. In other
words, the principlc of breeding truc or like tends to beget like, applies to

viruses as aiuch as to living organisns. "The laws of heredity apply to vinuses

and thercfore they can also exhibit variability. When a small quantity of virus

particles is inoculated in a suitable host the concentration of particles

increas8és and thc synthesized particles have the sanme.harmful effects on the

host which were caused by the original, particles. However, in some viruses, inn

addition to immutable particles, Virus particles having characters dfferent
from.originl cán be synthesized. These are known as virug mutants. In this
way the virus can produce gevera races, strains or variants.in Tobacco
mosaic-virus (TMV), Cucuber mosaic virus. (CMV),. sugarçane mosaic virus
(SMV) and curly top of suarbeet several such stráins are known to ocur.

are

.
Hybridization can be one of the methods by which these new virtas

strains. are formed. If two strains of a virus are inoculated into the same host



S6

plant one or more new virus strajns may be recovered with propertiee

(aRgreosiveness, symptoms, ctc.) different îrom either of the two strain

origiraally used for inocylation. These new atraT1s are. probably hybrids ancd

develop by recombination of the genetic material (RNA or DNA). The fct that
virus particlea are made up of mostly RNA or sometimes DNA molecules (the

genetic materials in viruses) suggests that aS in living organisms these
materials from different sources may undergO recombinations 'and also
determine the hereditary characters of the virus; Hawever, the evolution of.
new strains in the above mentiöned example may also be due to mutation.

The antdgen properties of dilferent strains of. thc same vitnus arc identica.
Antigeng are proteins. Synthesis of protelns and enzymes takes place.through

ep, O amino acids in specilic sequence dictated, by genes in viru8,

nucleotlde triplet in RNA). Therefore, if antigens are similar among different
srains 1t provcs that, genetically they are closely, related. Thi8 prootof ailinity
among vius strains is obtained by serological tests. In suitable inedium cach
antigen producs speciic antibodies.
Gepeticn and Varlabillty of Baeterin

Strains differing in pathogenicity, colony characters, etc. occur iinbacterial
plant pathogens. For exampfe, in the.cotton blight þacterium, Kanthormonas
matraeearum, 17 strains or races are known to-date. Phenotypic varigbility

is 'common among ràcs.af.bacteria. Thesc races, can qvolve by.mutation or
generecombination. * It 'has been now acccpted that .in bacteria the
inheitance of genetic characters is on the same principle as in other
oTganisms.The.genetic material in abeence of an organized nucleus in
baterial cell, is diffueed throughout thé cell and thua the entire cell.functionsasa nucleus. The transter of this genetic material or cHaracters coded in this
material to daughter cells occurs'at the time of binary. fission.

The genctic variability among bacteria_may be caused by iollowing
methedsregembling sexual reproduction:

1) Confugation: Two compatible bacterial cells come in contact andinterchange of genetic material takes place betweern the two. In this way the
genetic make-up of both cells is altered. Binary fiasion of thesc cells producesdaughter cella of different genetic characters and these develop intonew raCOS
by 8scxualreprodiuçtio.

14 Tranaformatton : Bacterial cells absorb the genctic màterial éxuded bya cOmPatble cell or freed by dis8olutton of the cell wall: The. receivingthen contains altered genetic material sihce new gencs 'are added to it. Thiscell now reproduces ta develop a ncw race.
11) Tranaductio .Thebacterial yiruses.(bacteriophage. or.phagetranafex: thë genetic material from one.cell to other,attacked by them.attackcd cell is not destroyed duc to înfeçtion. by. the phage it reproduceforn'new'races having a diflerent genetic character:
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Genctico and Variability ofFungl:
The knowledge of variability in fungi is not only important for

understangung pathogenesis, prescnt or future, it is equally inportant for the
success of any, brceding programme for devclopment of varictics resistant t0

the diseas¢,

Fungi are uni-or multiccllular micro-orzanisms. Liko in othcr nving
organists the hücleuš with its gcnetic 'tiaterial helps in. determíring Une
heredity f fungi: The furigi réproduce sexually as well as ásexually. 0e
ungihave only aseual reproduction. Whatever the metiod'of reproueT
due to 'presence"of genetic inaterials the charácters of the fungus
tranoterired froi' generaiion"to" geheration. "A'mentióicd forvinises
bacteria, mutation"and hybiidisatiön 'añd"to :some exteht,"othern

induce.wariability. in gerietic, characters of fungal speeies; and thuseip 1
development,o1: new. strains or races. Although, in.laboratory two çompau

ung, can easily. be, mated, in, nature hybiidisation and. mufatipn

dependent on chance. However, enough chances are provided- to:4hem.. Dy

nature to evolve new races as, fast as, if not faster than 1:the varietieg0 nng

plants evolved.by.man.

When the progeny shows'variations in characters from the parents t s

called a rarlant. The dissimilarities of characters'in"these progenies.are
hereditary: Frogeny developed by ä variant having similar hcredity is caled a

biotype. Biotypes differi from thc_parent race only n iewminor.character ,

mostly in.the type of symptoms produced on specific host. A groùp of biotypes

with identical. characters.forms a race or strain. In plant pâthogens the se
raçes and biotypes are:"distinguisied"with' the help* of certain differcntiaa

hosts. When agroup of races of identical morphology attack and infect a es

number of different species of the host, the group is called forma specialls of

variety.Several varieties of the fungus constilute a species (botanical spttics).

All these variations in species at different levels are the fesülts of genetic

mutation or recombination.

yas

. Purther explanation of variability is given below with few examples o1 sr
pathögenic fungi which have been studied in detail.

The cereal rust fungub: Two categorics of variants are recognized in

Puccinia graminis-varieties and physiologic forms. The,varieties.,differ frorn
each.other somewhat in, shape and size of, uredospores but the principal ^*

difference between them is their prelerence 1or eroups, of hosts.jn diiiererat
members of. graminge, Each variety can attack seyeral species óf one or more
g¢nera of the grasa family, but it cannot attack the membere of pther gehera so

which may. be gusceptible to othervarieties, of the amë speçies: (P. graminis).
A variety, in turn, may çontairn.peveral speciea of genya,Varietics are giver
Latla inames whilc phvgiologic forma (races or strains) are designated b2
Artbic numerals.Thus, Pucinia graminis tritici race 15B means biotype, or
race, 15 of the variety tritici of, the botanlcal species P graminis,her are
more than200 such physiologic forms or races of P: graminis tritici. Thhe

'i

'
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botanical specics P. graminis consists of six varieties cach having a large

number of physiologlc races.

rom the above example it is clear that within the botanical species.

graminis there was sequential variation leading to development of euch

biological units which gradually lost morphological diflerences and attained

physiological difference such as choice of specific food or host. This type off

Variation from the original_species is known as phyaiologlc spocinlination

which has been defined as presenceof entitieg within morphologic species,

not cadily. digtinguishable by structure, but differing_from cach other

physiologically
propertiçs, cultural variability, spore germination and ecological relationships.
These entitieshave beeni called phyoiologlc Taces or ntralns.

P.

host morphology, biochemicalincluding pahogenicity,

Th smut and óther fungl; As in rusts, variability is,.quite common in

SImut fiingi. As a matter of fact the smut, fungi are more variable than dny

other group of plant pathogeriic fungi: Variation abounds in the smut fungi, in

both morphology and' physiólogy. "Morphologically, the variants within a
SpecieSi differ in apore markings, 'cultural characters and gross symptom
Cxpression on the host. Physiologically they differ in nutritional rcquiréments,
9pore
pathogenicity. Similar physiologic specialisation. is known to otcurain fiungi
causing late blight of potato, powdery miidew of cereals, wilt of pea, tomato,

germination, compatibility
.relationships, nuclcar behaviour and

etc.

PLANT DISEASE MANAGEMENT

Measures taken to prevent incidence of a disease,
,
reduce the amount of

irioculua that initiates and spreads the disease, and finally minimise the 1loss

aused by the disease have traditionally been called as control measures. .

During the past 10 years or 6o, however, there has been a general tendency to
onsider :these measures under a sy'stem of discase management or pathögen
nanagemment in piace of using the term control. This approach has been
oilowed by entoLnologist aince long.

There! ia convincing logical basis to support the subsitution of the word,
control with the word "management". As Apple (1977) has suggested the
Crd conttol evokes the notion of finality, of having conirolled ör permanently
ettled a iproblem. But in reality this is not so. No plant disease has been
eImaneritly controlled. We have to repeat the operations in'eaci crop séáson
ward off the disease. "Management" oónveys' the concept ofa contirnuoisroceas. Itimpliea that diseaseš are inherentcomponemtofáiragroccoEytcm
Tat must be, dealt wlth continuous 'knowledgeablë basis. ' Mänágëment i8
ased not on the princdple of only éradication of the pathogern but mainlý on
e principle of maintaining the damage or ldss below an economic injury level
at ieast minimizing ocçurrence of disease above that level. Mânagementggests necd for continuous adjustments in crop cultivation systems.
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General Principlos of Disease Managemont
Plant discasemanagement is basedon followinggcneralprinciplesi

Avoldance of the pathogen: Avoiding discasc by planting at umcs
1)

when, or in arcas where, inoculum is ineffcctive duc to cnvironmenconditions, or is rare or absent.
2) Exclusion of. inoculum: Preventing the inoculum from entering Or

establishing in the ficld or arca where it does not exist.
'

Eradication: Reducing, inactivating, eliminating or destroyin8
inocultum at the sourçe, cither from a region orfrom an individual plant
in which it isalready established.
Protection: Preventing infection by creating a chemical toxic barrier4
between the plant syrface'and the pathogen.
Disoase resistance: Preventing infection or reducing èffect of infection
by.managing the host through improvemènt of resistance in it by

genetic manipülatioin or by chemotherapy.
Therapy: Reducing severity of disease in an infected individial.

5)

6)

The firstfive of these principles are mainly preventing (prophylacticl ana

constitute fhe, major procedures for plant disease management. They are

applied for the population of plants, i.c., the crop. The last, therapy. is L8

Curative procedure_and is applied to individuals, These procedures cross

across the various' approaches to disease management, viz., marnagement ot

the'environment, management of the associated mircobiota, managing host

genes and management with chemicals.
1 Avoldance of the Pathogan:

Many diseascs can be prevented by proper selection or change of land and

alteration ia tine of sowing. The aim of these measures is to enable the host

avoid contact with the pathogen or the susceptible stage of the plant and

favourable, conditions for the' pathogen should not coincide. The main

procedure under this group are:
1.1) Choice of geographlc area: Selection of geographic area for any crop is

made on the basis of suitability of prevailing temperature and humidity

in the arca for thc crop. These factors influence incidence of the

discases also. Many fungal and bacterial diseases are more scvere in

wet areas than'"in dry areas. Crops susceptible to these discascs if

grown in such areas are likely, to fail due to sërlous disease ncidence. If

these Crops are grown in dry areas with the help of irrigation diseasc

incidence cán bé avoided. Smut and ergot diseases of bajra are serious
,in wet årcas in.regions where Tains occur for_long durations during

flowering: stage of the cTop. Cultjvatiorn of bajra in wct areas is,

therefore, not very profitable.
1.it) Selection of ield: Successful cultivation of a cropdepends to àgreat

extent on sclection of proper field. Many soil-borne diseases can be

avoidëd by proper selection of site. If the causal organism of soil-bornc
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disease ofcrop is present in a ficld it is always advisable to avoid that

1icld for the particular crop for some years. Prcsence of the pathogen in

soil can be ascertained on the basis of previou9 history ot the field and

nature of the pathogen. Red rot fungus (Colletotriphium Jalcatum) can

persist in soil for fcw months. Thcrcfore, if'sugarcane i8 planted in the

same field immediately after harvest of the preceding dijeased crop,

chances of aggravation of the disease exist and the crop may fail

Similarly, bacterial wilt of potato, wilt of arhar, smut of bajra, ergot of

bajra, ear cockle of wheat, root knot, etc. are such diseases whose

causal organisms persist in soil for varying periods. Such fields should

not be selected for susceptible crops.

In selection of ficld the management of drainage occupies a major

place. Many diseases, such as red rot of sugarcane and downy mildew

of bajra, occur more severely in field^ wherc waterlogging 19 common.

Also in fruit orchards the selection of sitc is of special importance.

-The fuit trees remain standing on. the same land for 40-50 years. If

Proper selection of land,is not made at the time of plantng the orchard,

the trees show signs of many abnormalities after few years, especially

when their root system grows deep in the soil. Apple orchards planted

On land previously under oak forests usually show serious incidencc of

collar rot (Rosellinia sp.) when hard pan is present under the subsol it

prevents deeper growth of roots and trees ,suffer from malnutrition.

1.iii) Cholce of time of sowing: In many diseases the incidence is most

severe when the susceptible stage, of plant, growth and favourable

conditions for the pathogen coincide. While choosing the time of sowing

it 'should be taken into consideration that susceptible stage of plant

growth and, soil conditions and other, environments favourable: for

maximum activity of the pathogein do not' fall at the'.same time.

Alteration in. date of sowing can help in.avoidance of favourable

conditions for the pathogen. Pea and gram planted soon after rains,

when soil temperature and moisturé are at a high level, show high

incidence of root rot and blight. As. the soil temperature falls and

moisture becomes less .(November-Pecember) these diséases are also

reduced. In areas.where these diseases are serious late sowing helps in

saving the crop. The stem, rust of wheat damages the late sown crop
more than the early sown crop because tiine of onset of disease and ear
formation coincide. narcas where stem ust is a_problem delay in
SQvwingof the wheat crop shoijld be avøided.
Disease escaping varieties ; In different crops certain varieties cscape
damage by diseasee because of their.growth characters. The disease
cscaping quality is not due to, their genetic resistance.but becausc o
characteristics of growth and time of maturity. For example, varieties of
pea which, mature early (by January) usually éscape much damage form
powdery mildew and rust. These diseases normally become serious in
January or later. If pods have developed, before serious disease
incidence the losses are considérably reduced.

L.iv)
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abliy in soil such as wilt-causing species of Fusarium. It is noteñece against diseases caused by pathogen having high degree Oconpetitit survival ablity and can persist in absence of host 1operiod

3.i1] Remoral and destruction of diseased plants or plant organs: incpresenc of diseased plants in the field or orchard is a source Oconnuous Telease of inoculum. Therefore, as far as practicablc, Sucnplants oT tner aiected organs should be removed and destoyTeduce the amount of inoculum. On the same basis, eradication Olaiternate and collatera host is also recommended.3.i.aS IThe procedure known as roguing involves remOvaldiseased plants oz their affected organs rom the field. It checks spreO: te cisease to healthy plants and helps in production of disease-irceseed. n crchards, winere renoval of the entire tree is not 1feasibleness t is ver badly damaged, the affected organs can be cut (tree
Sugery and burnt. Roguing is employed in such diseases as looseS t oi wheat, loose and covered smuts of barley, scTghUm,erc, Ted rot of sugarcane, wit of arhar, etc. the procedure is practiceal
ony waen size of the plots is small and number of diseased plants is
not very high.

3.ii.b) Eradication of alternate and collateral hosts: Many diseases
especiay hose with continuous iníection chain, persist throughh

alternate or collateral hosts of the pathogen. The primary inoculum is
produced on and dispersed írom, these hosts. If these wild or
uneconomic hosts of the pathogens are destroyed. the source of

primary inocuum is eliminated and chances of initiation of the disease
in the crop host are reduced. The mosaic of cucurbits persists on wild
cucurbit plants throughout the. year which serve as a continuoliss
source of inoculum of the virus. Insect vectors thansmit the virus frorm
these hosts to the cultivated crop. In certain areas of the world cereal
rusts can survive oa their alternate hosts.. By destruction' of such

hosts the life-cycie of pathogens or the infection chain is broken.

Presence cf *eeds in and around the ffeld may also help in

perennaion of certain pathogens. Detection and destruction of
possible hosts of the pathogen among these weeds is an important

step in plant disease control.
3.iii.c) Sanitation: Ficld sanitation, like plant sanitation, is essential for

controi of soil-borne and facuitative parasites or saprophytes. Many

obligate parasites also perennate through dormant structures in plant
organs lying in the soil. Destruction of diseased crop debris by burning
in the feld decreases this type of survival of pathogens in the feld.
Burying the debris deep in the soil by soil turning ploughs also helps.
Powdery midews of wheat, barley and peas, downy mildews of peas
and maize, and red rot of sugarcane àre some examples of diseases
checked by this method.

3.iv) Heat and chemical treatment of diseased plants: The. pathogen
present in the plant or in its special organs can be inactivated or killed
by heat or chemical treatments. This method has been found usefial
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mostly in diseascs of fruit tree9. It can be employed to destroy restino

SLTuctures or cxposcd growth of the pathogcn prcsent on the host.

When thesc methods arc able to affcct the pathogen present in the

internal tissues of the plant they are included in heat-or chemotherapy

3. 8oil troatments: The aim of soil treatment is to inactivate or eradicate

pathogens present in the soil. Soil treatnent involves the use' of

fungicidal dusts andchemicals, heat energy, flooding and fallowing, etc.

In chemical treatmet of soil .many

nematicidal soil fumigants are used. The fungicidal dust.can be used at

the ime of planting of the crop. Most of the fungicides used as soil

treatment materials are selective in action and destroy only specific

ingi. Therefore, by their use the developmernt of other fumgi due to

decreased microbial antagonism can be ernhanced. Majority of the soil"

fumigants are non-selective and destroy most micro-organisms in the

O eniestation of such soil is easy and quick. Thesol imigants are
applied usually few weeks before actual planting of the crop since they

can ham the plant also. Many chemicals _are now available in granule

1orm which can be used in standing crops and which dissolve in water
to produce the effect of soilfumigants.

In soil treatments the soil around the roots mut.be treated
Therefore, uniform treatment of soil all over the ficld is essential. As a
result quantity of chemicals required is very high and the treatment
becomes expensive. such treatments arepracticable in nurseries, smal
fields, and for cash crops where higher income in proportion to
expenditure is ensured. Control of black scurt of potato, root knot of
vegetable crops; nematocle diseases of fit trees, etc. . has been
recommended through the yse of chemical sqil. treatments.

For small quantities of soil, heat treatment is an efficient
method of eradication of pathogens. This treatment is practised for
treating soil in pots, nurseries and greenhouses.
deberis, burning of 12-18 inch thick layer ol crop debris, grasses, and
weeds spread over the field is one of the methods of applying principle
of

Burning of crop

heat treatment. In many countries, steam is also used for
disinfestation of the soil.

In special conditions looding of the lield is a method ol
eradicating plant pathogens. If about 12 inch deep water is allowed to
stand in the ficld for scveral weeks the 'anaerobic or low oxygen
conditions and toxins produced by anaerobic bacteria destroy many
fungi and plant parasitic nematodes. Resting structures of many
pathogens loat on the suríace of the water and if the flood water 16.
rapidly drained such structures are washed out of the field. ControL O
fusarium wlto banana arnd root knot oÍ vegetable crops by 1l000nEhas beendenonstTated inSomecomtrics.allowing as a practice to restore imicronutrients in the soil 14sbeen used by farmers since the very beginning, of agricuture. To

. procedure in crop production hëlps in reduction of inoçulum of many
soil-borne plant pathogens. However, in countries where culturabi



land is in short supply, in proportion to population, fallowing of lane
hardly recommended.

Protective measures
The inoculum of many fast spreading infectious diseas

broughtt by wind from neighbouring fields or any other distant P
survival. Principles of avoidance, exclusion and eradication may not D
suficient to prevent development of the disease in such cas
Protective
inoculum. Theseneasures inchudeuse of chemical spraysand a
to createa toxic barrier_between the host surfaceand theatnog
cCGSSary modiication of the cnvironment to make it unfavOUrabic
development of îhe paihogen,
Chemical treatmer:is: Tiie aim of most chemicai sprays, dusis
Seed treatnents is to inm a protective toxic iayer on he host suriaceso
tha when the pati:;,cn comes in contact vith the host surface 1t 18

led oy prevented . on Towh. "he chemicals used for this tDe i
protective covering ire called protective chemicals. But when inese
chemicals destrOy tie alrcady_established fungus or oer parasILES

Tom the host surface thigy are cailed eradicant chemicals. The same

chemical may bc pro:ecave as wel as eradicant.

is
ot

measures are necessary to destroy. or inactivate this

4.i

49i1) Chemical control ci }naect vectors: The attack of insects on standing

crop can be preveu:? 1se of protective insecticiies. Many specie s ol

insect are importa1! vetors of viral and ciher diseases. Some viiuS

diseases are transmitted only by their inscct vectors. Therefore; timely

and efective destruction of these insect vectors becomes the iost

important method c' comtrol of these diseases. if a large populatiorz of

iG ¥ecter aiiic:s & id feeds on iieeacei piants zhich kave been
spraycd vith un 'ris.ot iiit nany ci them :1il escape instant death and

PSinay visit healll:y F'.aits and tr:nsmit :he lisease beiore being killed.

However, later spread of the disease is checked if majority of the irsects

have come in contact with the toxic chemical. The success of contro1 of

insect vectors depends to agreat extent on the stage of plant grovwth

and nature of the pathogen. It also depends on the speed with which
the chemical can 'ill the insect. Those chemicals which kill the insecis

within few seconds are inost ellective in control of insect transmitted
plunt diseascs.

4.1hi) Mo dificatlon of envrrfimonts: mprovement_ eI:ation reduces L:e

humidity on leaves i1i oilier aerral parts of the plant and there by

cherks growth of ui wnich !ouriti in iumi atmosphere. This
practice is recoImm:: icd for conrol of down; miidew of grapeviress
(Plasmopara viticola). Recducing the number and amount of irigation
also helps in modiic.t1on oi environment against certain pathogeTn.
Mixed cultivation of Lilin and "moth" iPhaseoius aconitifolius) reduces
incidence of root rot of the former crop {causeu by Rhizoctonia soani
and R. bataticola), The decrease in disease incidence has been
attributed to temperature and high moisture in soil due to the cover
provided by lush growth of moth. These temperature and moistre



conditions arc not favourable for growth ol the pathogens. Post-harven.

rot of fuits is reduced, by storing them in cool arid dry rooms becaea

warm and wet conditions favour the rot-casing lungi. Cold storage o

potatoes is also an example of nadilicaion o1 enviroriments against

pathogecn.

e

While such environmental factorsas moisture..and aeration are

relatively casy to control or modify, alteration of temperature in the fiel1d

or soil is difficult. Some soil-borne diseases are more pronounced in 3oil

at high temperatures. Irrigation of the field lowers the temperature to

Some extent and protects the crop. Charcoal rot (Macrophomina

phaseol) of potato is an example.
4.iv) Modilcation of host niutrition:. In some diseases df plants nutrients

have been o elfective in reducing disease intensity. Many leaf

seases are . .".rei b high nitrogen nutrition. Use of less nitrogen

iuces :*oide 2 ( ouch diseases. Deficiency of potash in plants

nders,tii2 ti:.: Susceptibleto water soaking and the plant parts

necome s sC: ; to many

resistance wt .scase through strengthening of pectic substances in

walls and vostructing. the activity of pectic enzyTnes of the

pathogens. Sinilar, intensity of several other diseases is decreased by

nicronutrients .c as boron, zinc, marganesc, etc. By spraying these

nutrients ori the c) and increasing their ievel in. the tissues protection

can be gver: to iJ iants.

High calcium increases
** diseases.

5) Development of reslstance in the host

In an:* L:op, resistance against a speciiic disease can be

ieveloped b' t.cction er hybridieation. Thia type of resistance in

eTettc. Sicc.em. i:t resistance of non-genetic nature can be developed

in plants by cheinotherapy or. modification of nutriticn. This type of

resistance is irluced and ternporary, lasting till the chemical or
nutrient is et!ecti.e in the plant.
Selection and á7brdisation for disease resigtance: Gonetic disease
reaistance can e based on physiolcgical, structural, or functiona
lehaviour cf i: e host. The principle
resistance involves the presence or development of anti infection
LTE SEances t cell or absence of 6uitable nurienßs for the
aliogen. In stutaral resiatance ctifterent types of structural barriers
i present or * med ih response to iníection and growth of the
athogen is check:. In functional resistance, stomata do not opem at. time when u.e p.:10en produces its ine. tion thread.

5.1)

of physiological disease

5. Resistance th uzh 'chemotheraphy: Temporary physioiogical
istance in fiar , r be developed througk: chemotherapy, Systernic
nigdes and, anL iiucs when sprayed on thé foliage or fed through
he roots, persist in the protoplasm for 8ome time and while their tozic
level is maintained the pathogens cannot invade the tissues.

5.111) Resistanca through host uutritlon: Making available the major and
micronurients through spraying or through soil çan provide resistance
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discase in the piant Although the cffectiveness of such measures isyetet doubttul. A vgorous gorh of the plant is always desirableaorous plarts r capacity n from new roots and shoots to take upe function of damaged TCots and shoots tolerate the attack of mardiseases.

Therapy of dizeazed plant
Although cure of the discased plant or its organs in most crops isnot pos6lDie, in bame crops and íruit trees chemical and physica

therapy has been applied to cure the plant by eradicating the pathogen
Chenotherap ChETnical treatments appied to eradicatepathogen from tissues of the discased.plant and thus curing it art

inciuded in chennotherapy. The chemicals mainly include the systemc
fungicides and antibiotics. Tis rinciple underting chemotherapy 1
that the chemicala used are absorbed b7. leaves and roots and on
7eaching îhe cell protoplaam act as a chemical defense mechanism
b7 destrozing the pathozea and inducing temporar resistance
They can also act by detoifying the tozins produced by the pathogen.
In this manner the tissues nct invaded by the pathogen are saved and
the plant is cured.
The systernic fungicides when absorbed by roots are translocated

through zlem to upper parts of the plant but when absorbed by 1evels
they fail to be translocated dowmards througn phloem. They sprea
towards the marins of the leaf and stay cocentrated, there. Antibioties
can be translocated fromn leaves downwards to rcots and om rootss
upvards to leaves.
Heat therapy: PMlants vhich can tolerate the thermal inactivation deathi
oint of pathogens can be treated by heat to destroy the pathogens.
These treatments are especiaily used for ceeds, tubers, buibs, grafts,
ctc. Grafts of fruút trecs are exposed to high temperatres for
inactivaion many viruses. For eradication of nematodes from roots of
rafts heat thera hs bétn suggested. Ratoon stunting and other virai
diseases of sugarcane are also eradicated by hot water or hot ai
reatment of setts.

i11) Tree-aurzery : Large size íruit trees are cieaned of infection by cutting
of the infected branches or scrapping of the diseased portion and
covering the wound with a fungicidal paste. After removal of the infected
portions the tree becomes free of iníection. The only effective control of
zteTn brown, stcm black and pink diseases of apple is this type of
surgery.


