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Course No. : PATH 231 Title : Introductory Plant Pathology.
Credits :1+1=2 Scmester : 111

-

A. Teaching Schedule (Theory)

(As per Lettr No. HOD/PPAM/ UG/ Syl./637/ of 2000 dt. 16,29,30/8 /20t
from HOD/Path. M.P.K.V. Rahuri (Minutes of 2% Mceting of reviewing sylla
of U.G. courses in Plant Pathology & Agril. Microbiology (KKV, Dapoli 4-5 Au

2000)

Lecture ' Topics to be (j()vc;cd T e
No. _, :
e lant disease concept and economic importance.”

2&3~ History and development of Plant Pathology. _
A Causes and types of plant diseases and their classification\—"
5~ Symptoms and signs of plant diseases.
\9/' Introduction to plant pathogens, morphology and reprorftuction=i
7 Variability of plant pathogens. .
\B/ParasitiSJn, perpetuation and disease dcvclopment.(&’bép ch‘m> '
O/Disscmination of plant pathogens. ’
10 _, Predispositjon and effect of environment.
\1/1/ Introduction to epidemiology..—"
12" Plant disease forecasting. %
13~ ‘Principles of plant disease control.\\//
14~ Exclusion including PEQ and Eradication. _ e
158,16  Plant protection DUARG  AYEHETRe “\'2_ “’(&ﬁ . Cevg DT

17 Disease resistance. AR B

B. Teaching Schedule (Practical)

Exercise Title of exercise
NO. [ ——————— S e —— o— . —— - — e ——
1 Study of a typical bread mold fungus.

2&3 Morphology of fungi (Vegetative structures).
48& S  Reproductive structures and spore fruits in fungi.
6 &7  Symptoms and signs of plant discases.
8 & 9 sxamination and identification of plant discases and plant pathagen
10 Isolation of plant pathogens on culture media.
11 Methods of inoculation and Koch’s postulates.
12 & 13 Acquaintance with different groups of fungicides and physical meal
of controlling plant diseases.
14 & 15 Study of fungicides, fungicidal formulations, preparation of comm
fungicides and their application.
16 Study of plant protection appliances.
17 Methods of disease appraisal and crop loss assessment. e




Text Book Recommoended ¢

1

Introduction to Principles of Plant Pathology by R.S. Singh, Oxfor

d g
IBH. Publ. CO. New Delhi. 1996.

hak. Prakash Pub], Jaqu,-

2. Essentinls of Plant Pathology by V.N. Pat
1972, _ S ,

3. Plant Pathology by Q.N. Agrlos. Fourth Edn. Acad. Press, New yop
1097, | i

4.  Introductory Mycology by C.J. Alexopoulas, C.W. Mims anq
Blackwell. 4t Edn. Willey, New York, 1990. ' b. Pu 1967

5.  Introductory Mycology by M.N. Kamat, Prakash Pub, Pune, .

C. Lesson Plan
Lesson Topics to be covered T
No.

Plant disease concept and economic importance : Introduction and
development of concept of Plant “Pathology. 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.

2 &3 History and development of Plant Pathology : 1. History and

development of Plant. Pathology in ancient, dark, premodern, modern
and present eras. :

II.  Contributions made by : Surapal, Theophrastus, Pliny,
Ibnalawan and others, Robert .Hcok, Anton van Leeuwenhoek,
Needham, Linnaeus, Tillet, Prevost, Robert Koch, Marshai Ward,
Millardet, Meyer, Jensen EF, Smith, Erikson, Biffen, Iwanowasky,
Stackman, Cragie, Luthra, Stanley, Bowden, and Pierie, Doi and
Asuyama, Butler, Mehta, Mundkur, Dastur, Kulkarni, Bhide, Uppal,
Thirumalachar, Patel, Rangaswamy and Patel.

Causes of Plant diseases and Their- Classification : A Causes : I.
Parasitic causes : Fungi, slime molds, bacteria, phytoplasmamg
phanerogamic parasites, protozoa, viruses and nematodes. 1I. Non-
parasitic causes : Environment, deficiency, soil conditions and
chemical injurics. B. Classification of. plant diseases : |. On the
basis of occurrence, spread, severity and ‘periodicity :- Endemic,
epiphytatic,” pandemic and sporadic. II, Group of hosts affected:
cereal diseases, vegetable diseases IIl. Plant parts affected : Root
discascs, stem diseases. IV. On the. basis of pathological eftect :
Necrosis, hypoplasia, hyperplasia, wilt, cankers, rots, blights etc.
Symptoms and signs of plant diseases : A. Defirr'i tions of
symptoms and signs. B. Types of symptoms * 1. Hypoplasia I
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10

1]

13

14

Hyperplasia and 11 Necrosis.

Introduction of plant pathogens, marpholopy and reproduction : A,
Introduction to plant pathogens viz. hnctmln, phytoplasma, viruses,
flowering plant, parasites, protoza and ncmmoclcu B. Rc-productlon
in fungi: Ascxual and scxual methods. C. Spore fmits in funpi :
asexual and sexual fruits.

Parasitism, pcrpc'tuat{on and discase dcvclopmcnt A. Parasitism,
types of parasitism.'B Perpetuation @ Mode of perpetuation  of
pathogen : facultatism by" dormant = mycelium, by sclerotia,
polymorphism, physiologic spccxdhmtmn C. mechanical presasure,
production of cell wall degrading cnzymes, avenues of penetration
inside the host, direct avenucs, indircct avenues.

Dissemination of plant pathogens : A. Continvous dissemination :

f Autpnomous. issemination . Role of air or. wind, water,’ animals,

birds, insectg, nematodes and mites in dissemination of plant
pathogens. B. Discontinuous dissemination : Man, sced, soil and
agricultural operations as agents of dissemination .of plant
pathogens. _

Predisposition and effect of environment : A, Meteorological factors:
Temperature, humidity, precipitation, dews, light, hail storms, ctc.
B. Soil factors : Soil temperature, soil moisture, soil conditions, pH,
nutrient deficiencies in soil, etc. C: Biological factors : inscct fauna
and soil flora. : .

Epidemiology : A. Definition B. Simple interest and compound
interest diseases. C. Essential conditions for epiphytotics 1.
Distance of susceptible plant from the source of primary inoculum,
2. Abundance of distribution of susceptible host, 3. Diseasec
proneness in the host, 4. Presence of suitable alternate or collateral
hosts for survival, 5. Presence 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 wedther conditions. D, Decline of epidemics: Saturation of
the pathogen in the host population, reduction in the aggression of
the pathogen and decline in the host.

Plant discase forecasting : A. Methods of discase forecasting. B.
survey and survellence, . Forccasting model. D. Satellite
imaginary forecasting,.

Variability in plant pathogens : A. Variability among the pathogc ns
(Viruses, bacteria, fungi). B. Viruses : Mutation, hybridization. C.
Bacteria : Mulation, conjugation, transformation and transductlon
D. Fungi : Mulation and hybridization.

Principles of plant discase control : A. Exclusion of inoculum. B.
Avoldance of pathogen. C. Fradication. D. Protection. E: Disease "
resistance - . B
Exclusion including PEQ and Eradication : A. Plant Quarantine :
Domestic, international, seed certification B. PEQ. C. Eradicatior :
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1. Removal of plant parts and sanitation. 2. Eradication of alternate
hosts. 3.Destruction of collateral host 4.Rogueing and 5. CUIlturaJ
Practices.

Plant Protection : A. By physical methods heat, steam, hot water,
solar heat, etc. B. By chemical methods :Fungicides. C,
Classification of fungicides: Sulphur fungicides, copper fungicides,
mercury  fungicides, organomercurial fungicides, systemic
fungicides. D. Methods of application of fungicides : Seed treatment,
soil’ application, spray/dust application. E.-Plant protection by

biological means : biocontrol agents,
Disease resistance @ Types of resistasnce : Monogenie, oligogenic,
polygenic, horizonta] vertical and environmental resistance."

D. WEIGHTAGES

Sr. No.

Topic$ Marks

W N

D

0 N O

Plant disease concept and economic importance of plant 4-6

diseases.

History and development of Plant Pathology. 4-6
Causes and types of plant diseases, Symptoms and signs of  6-7
plant diseases. .
Introduction to plant pathooens, morphology and 6-7
reproduction in fungi and bacteria.

Parasitism, perpetuation, ‘disease developmeni and 4-5
dissemination of plant pathogens.

Epidemiology, predisposition and effect of environment on 6-7

plant disease development.
Plat disease forecasting and variability among the 4-5

. pathogens.

Principles of plant disease control 5-7

40-50




NOTES ON- INTRODUCTRY PLANT PATIOLOGY
COURSE No, PATH-231 Crodits ; 141 =2

(Notes prepared as per l‘hv. Teaching Schedule Finalised during 2ra
- meeting of reviewing syllabi of U.G. courses in Plant uthology 8 Agril,
Microbiology held at K.K.V. Dapoli and minutes circulated vide letter No,

HOD/PPAM/U.G./Syl./637/ of 2000 dt. 30-8-2000 from by the offi
HOD/PL Path. & Agricultural . Microblology, M.P.K.V. RnhurYl ) ¢ office of the

Gy . INTRODUCTION
:M Plaxnt Pathology: \Plnnt Pathology or JLhyalopathology s the branch of
- : ' nmnnlmr\l bnmnic al or blologicnl  science which deals
thh the : cnuse, ctiology, resulting lo'mcs and control of
plnllt diSC’lSCS'\‘( ;\(\(‘u( ':\ \\”' Caey o \ 4&1"0“'!’)

\ Q

1)

" Objectives of Plant Pnthology : |
_To_study the living, non-living and environmental causes of disease or
disorders n plants.
2. To study the mecchanism(s) of discase development by pathogens.
3. To study the interaction between the plant and the pathogen in relation
‘ to the overall environment.
4. - " To develop systems of management of the discases and reducing the
I ~losscs C'll]bt,d by diseases.

“BRANC_HES OF PLANT PATHOLOGY

St R s g,

Microbiology : It is the scu,ncc' dealing with study of rmcroorgamsm \from
8 animals and prohstq kingdoms such as molds, yeasts,
p bacteria, viruses, algae, protozoa, nematodes, etc.

‘Mycology : It is the science that deals with the study of{fingiand their
- life cycles.

‘Bactericlogy : It is the science which dcals with the study of bacteria.

Virology: It is the science thal deals with the study of viruses.

ﬁématplogy: It is the science that deals with the stucy ol'Ecmat'édcsf‘,

What is Plant\Discnse'-’k

— ———— )

define the tcrm ‘discase’ Often the symptoms produccd by a disease, the
. cause of a disease, and the injuries caused to the plant have been considered
Synonymous with the tcrm disease. However, they signify only the condition of
the plant due to disease or the cause of the disease.

Ty e L T . . ‘ L l'
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poorly in the body, we come to

: .nce “discasc is

» - . Sl[:l{" ]]‘onC(’ .

. decisi that we arc = ontinuous

thztlfudx::é;g:ﬂng process thatl IS cau?cl{is 1;)’ pcathological
ii"lritalinn which results in suffering. 1

| | Vol. 1.
process. (Horsfall and Diamond (Plant Pathology,
1959). .

Plant disense:  When something is functing

rocess that is causcd by

‘ in some suffering
" “American

producing symptoms. (Accepted Tb)}r] Mucolagical

Phytopathological Society and the Brntis

society). ,.

Plant disease: Discase is a malfunctioning pI l
v continuous irritation, which results

S

» is
When a plant is diseased, it is a “ flis--ense .'It mcans..thtat .thg plant -
eneasy 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 tause. The loss -
¢An occur in the field or in the store and at any time between Sowing and.
consumption of the harvest. In India alone crop diseases are destroying food
grains and other products of the tune of more than Rs.. 5,000 crores every
year. The microorganisms destroy perishable food materials in the store.

In the history of mankind, plant diseases have been connected with a
miinber of important events. '

. \/{ate Elight epidemic of Potato : m this discase destroyed the... .
\fj'%’/ potato crop off _I_qg;,la_n,@mld caused famine

&k as the potato crop was the staple diet of

o the England, Ireland and certain parts of

continental Europe, '

This famine reduced the population of 86

lacs {0 60 lacs in Ireland.

When1 rust epiphytotic : In many-countries, wheat rust appeared
in epiphytotic form time to time. This
disease forced the farmers in many parts
of the world_to_change “their cropping

e N

patterns. - o

cent ln' Northem and southern Europe- wheat bread is more comm'on, in
r—naiz!‘al Europe, rye bread is common, in southern parts of U.S.A., people eat
€ bread, while in northern U.S.A., wheat bread is more common, The

;‘f::ns for this food habits is that in these parts wheat dees not grow well
@ xust and the farmers grow maizce or rye.
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\Helminthosporlum lenf spot_of rjoo (Benpal Faminoe);

During 1943, Helminthosporium leal spot disense o
£ . .”.'_-‘ 5 — = - " - . - A » S . s, i -
to severe loss in yield of rige.

——— e A R
-

n_t‘llscd a famine dye

Coffee rust : __An 1867 coffee rust attacked lh‘g_:_‘_pl‘untntions in Sri Lanlka
- and reduced yield rom 328 kg/acre o 101 kgfacre. 13y
1893 the export of coflee Yas reduced by 93%. The
cconomic crisis forced the planters of cut down coffee
Plants and take to tea planting, - SR RO

In addition to direct losses in yield and monctdry relurng, fhe plant

»

- diseases affect the socicty in many other.avays.

When fodgrains are altacked. by fungi, they may contain toxins (e.gz.
aflatoxin) which cause insanity, paralysis,’stomach disorders, cte. in human
beings and animals. &° OF | \; Vel sy :

S ) & \ * ) '
\}Q@anscﬁf‘plant disenses . \ N . ~ ok
'LA_pathogen " is 'constantly associated with a_discase. |The world
“Pathogen® can be broadly [defined as any agent or factor that incites “Pathos™
Qrdisease in an organisiis | - o =
: ‘The plant pathogens éan be grouped under the following Categories..,

|(': ‘\-‘..,l""

A. - Abjotic Factors ¥ (Non-living): | :
~7Y ..d)"  Deficiencies of excesses. of nutrition- ¢.g. Khaira disease of rice
i) Light | P
iii)  Moisture ‘ .
v} "Aeration- e.g. Hollow heart of potato
\% Abnormalities in soil conditions
vi) Atmosphcﬁc_)i){‘wge_ uﬂr’;mgs_ €.8. Tango tip rot

B. Mesobiotic causes: (Neither living nor ron-Uving)
i) Virlods : Naked, infectious strands of nucleic acid. ¢.g. spindle tuber
ol potato, cirtus exocortis.
ii) Viruses : These are infectious agents made up of one type of nucleic
o acid (RNA or DNA) enciosed in a protein coat e.g. Leaf roll of

potato, Leafl curl of tomato and chilli, mosaic diseases of

crops. \ARTN . "‘c.-r(\(\)\n\"@ RATTIAN l;'(,\\k\{df‘t :

j Biotic causes ; (Living, Animate or cellular organisms)

1. 'Prbknxyotes

1. Mollicutes - These are wall less prokaryotes - that inclide
i Mycoplasma like-organisms (MLO) and spiroplasrnas.
) Diseases caused by MLO- Grassy shoot of
Sugarcane, little leaf of Brinjal, Sandal sﬁiﬁfﬁupchy
top etc. Discases cause by spiroplasmas : Citrus

Stubborn, corn stunt. :

—



2. Rickettsia - Hke bx'xct:cria (RLB)- These are very small sometimé s
sub-microscapic, walled bacteria e.g. Citrus greening.

3. True bacteria: e.g. Brown rot/ wilt of potato, soft rot of potato and
vegetables, leaf blight and lenf streak of rice, citrus
canker, s’cane ratoon stuning. '

(]

IL. Eukaryotes : , ' ¢ |
A* Fangl :  e.g. potato wart, clq_l_)iqgt_g[_g:g@agc. leal blight of potato,
downy and powdery mildew diseases. . |
/ Protozoa: e.g. Heart rot of coconut paim, phloem necrosis of coffee.
4

3. Alga : e.g. Red rust of mango, papaya etc. |
- - Motaroan animals: Nematodes- ¢,g. Root knot of vegetable crops,
molya disease of barley and wheat, Ear cockle
, . of wheat, citius decline .
5. Flowering plant parasites : e.g. Dodder, Striga, Loranthus

7 a

DISEASES AND THEIR CLASSIFICATION

Disease is not the cause but it is the result due to cause. The diseases
may be infections or noninfectious. Flant diseases can be classified on the
hasis of (1) cause, 2) Group of hosts affected, 3) Parts of plant affected 4)
pathological effects on host 5) Gross effect produced on host (symptoms) 6)
iJccurTence, sprcad_,pcn'odicity and severity. ' o

A According to major causal ugents... .
1. Non-infectious or Non-parasitic or Physiolegical diseases.

These diseases remain non-infectious and cannot be
transmitied from one diseased plant to another healfhy Pplant.
These diseases are due to disturbances in the plant body caused
by i '

(a) Lack of proper inherent qualities ,

(b) Improper environmental conditions of soil and air

(c) Injurious mechanical influences

(d) Low and high temperature

(c) Unfavorable temperature

() Unfavorable oxygen relations

(g) Unfavorable soil moisture and pH

(h) Presence of toxic gases in the atmosphere
(i) Lightning injury .
-(j) Mineral excessés and deficiencies in the soii
(k) Absence or excess of light

e.g. Tip rot/ Necrosis of mango fruits, Black heart of

Pot:’t/cfs, Tip burn, Dakhina, Khaira di.seaS(?S of @W
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.1-;,75Endemic diseases: When a disease is more or less .E:on'stan'tly present
from year to ycar.in a-moderate from, it is classified as'endemic i.e. when

't,hé.ho‘st,an‘d' the pathogen reach A state of biological euilibriyim. and the

G
ot

& Infectious disenses; ‘

" These are diseases which arc incited by foreign organisms or
viruses under a, set of ‘suitable environments. There ‘is a definite
assqciation of pathogens with these type of diseases.

" '(a) Parasitic diseases : Fungi, bacteria, mycoplasma, algae,
| Y phanerogams (flowing plant par asites).
(b) Virus diseases : (Virus'= Poison/Venum) o

-—
"

Group offhosts affected: ¢.g. Cereal diseases, vegetable 'dis‘éé‘éé$ etc.
Flant parts affected e.g. Root diseases, stem diseases, leaf diseases.
Ifat.holog‘ical effects on hosts :.C.g.Necrotic, hypoplastic, hyperplasia
diseases.. . - ' - R it o

|
.Gross effect produced on ‘host: e.g. wilts, cankers, ‘rats, blights
‘Necrosis Hypoplasia, Hyperplasia. . S
Classification on the basis of occurrence, spread, periodicity and
-severity: Parasitic and virus. diseases-are often classified in relation to
their occurrence and severity. : ' - '

.- association ‘assumes apparently:harmless characters. 'All such diseases

(wart of 'potato is endemic in Darjeeling.) from one crop season to the next

-“-ar€ also included in this group. - |

. Epiphytotic diseases: when the diseases ‘occur involving sudden

outbreaks periodically e.g. wheat rust, powdery mildew of grapes, Downy
mildew and ergot of Bajra. The pathogen may be more or less constantly
present as in énde};ﬁc disease but the environmental conditions favourable
to the development of disease occur only periodically.

Pandemic diseases: when the epiphytotic disease spreads throughout the

continents or sub-continents and results in mass mortality or damage. ¢.g.
black stem rust of wheat in India in 1947, Late blight of Potato in Europe

in 1845. [ —

. 8poradje: When the disease occurs at very irregular intervals and

locations and in relatively few instances i.e. it affects ndividuals ‘within a
corp. e. g. Long smut.of Jg__xzar;




# HISTORY AND DEVELOPMENT OF PLANT PATHOLOGY

. The developmcnt of plant pathology is closely linked up with the

. 4 A >
progress of Botany, As & science, plant pathology had its beginuing in “,“d,‘.“:
of 19% Century. Until then the early workers concernad themselves more with
observations and systematic armangement of diseases.

<ol ol K

History of plant pathology is divided into different five emas.....
Ancient Ema : From ancient time to Sth century (476 A:D_.)
Dark Era : 5th Century to 16th Century (476 A.D. to 1600)

Pr-meoedem Em: 17 th Centruty to 1853 (1600 to 1853)
Modern era: 1853 to 1906

Present era ;: 1906 onwards

.. Ancient Era: Diseases in plants ‘have been known since sncient times.

Rusts, blights, mildews, smuts were familiar to Hebrews, Greeks, Romans,
Chinese and Indians. In this period though the abservations on the plant
disease . accurrence were perfect, the interpretations about the causal
agents .and environmental relations were based on unscund analysis of
facts and influenced by superstitions and relijious dogmas. Rigveds,

Atharveda (1500-500 B.C.), the Arthashashtra of Koutilya (3286 B.C)),
- Sushrut Sanhita (200-500 A.D.), Vishnu Puran (500 A.DJ), Agripuran (S00-

700 A.D.) Vishnu Darmottar (S00-700 A.D.).etc. are ancient Indisn Books

~.Whexe plant diseases and other enemies of plants have been mentioned
- along with the metheds to control them.

.Th'c. diseases were divided into two groups : Internal (Physiologicsl

diseases) and external ('mfectjgus diseases). Intermal diseases were
supposed to be due to disorders in the system of the plant while externgj
disegses were supposed to be due to attack of micro-organisms snd

- insects. Hygiene, tree surgery, protective covering with pastes and special

cuiture of plants etc. were known in ancient India.

: In chemical treatments use of honey, ghee, milk, barley flour,
pPastes. made from herbs, plant extracts, etc. were recommended. For
control of root diseases oil cakes of Mahuowa, mustard, sesame, castor, etc.
vere used. ' . .

Symptoms of plant diseases are men}aned in the Bible,
Shakespeare’s pomes and dramas and other Christian literature in the
SAame manner as they have been mentioned in HL{ldu quthology, Jataks of
Buddhism, Raghuwansh of Kalidas and other ancient literature.

: iry in to Plants” had recorded
30 - hrastus :In his book *Enquiry 1n . 3 :
hisogniﬁegg:: I::bmn plant diseases which were based on imaginations
and ot?sérvations but not on experimentation. He mentioned that diszases

i e. withou use ).
oCcur spontaniously or autonomously (i.e. without @bernel cagse |



-

have been mentioncc_i

Symptoms of diseases and control of diseases 1%
RS Even mention of

in “VRIKSHAYURVED by Surapal in ancient India.

plant diseases has been made in Buddhist literature of SQO B.C. a
100 A.D.-_Anno domini : In the year of Lord Pliny observed an

described plant diseases and suggested some remedies. He beleived that

the disease origentated from the plants or from the enviroment. Romans
had Rubigo and Rubigus as Rust gods.- '
2. Dark era : 476 A.D. to 16 Century. . . T

" Very little work was done in plant pathology in this period. The science

" and learning got a setback after the fall of Roman-empire..
Some Arabians like Ibnal-awan described symptoms of many diseases and
suggested some control mesures '

1440: Printing was introduced in Europe and this reflected interest in

learning gf science, arts, h'tcratqre and commerce. »

’

3. Pre-modern Era : also known as Alitogenic era (1600 to 1833) . v
1645: Establishement of Royal society of London where great discoveries
were communicated and discussed.
- 675: Anton van Leeuwenhock: A Dutch worker ground simple lenses
‘and developed the first microscope.

1635-1703 : Robert Hook :saw sections of cork and plant tissues with the
help of microscope and showed that plant tissues were made up of minute
units called cells. : .

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

1683: Leeuwenhoek : observed bacteria and many cther microorganisms
new t6the science of microbiology.

1705: Tournfort : classifed discases 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
Sceds of fungi proving that the fungi originate from their spores. ~

\%43 :(Needham : reported plant parasitic nematodes in wheat galls.
—— 1753: Carlous Linnaeus : established Latin Binomial System of"
romenclature of plan?and animals in His book “Species Plantarum.”
- ~"1755: Tillet : A French botanist, proved that bunt of wheat is infectious
and can be controlled by sced treatment. His sced treatment was widely

Practiced.
1773: Zallingar : classified plant discases in to 5 different classes.
1774: Fabricus : (Danish) classified plant diseases in to classes, families
amd genera. . a ) .
801: Persoon : published “Synopsis Methodica Fungornm” - for
c® assification of fungi and it is the “starting point for nomenclature’ of
U'stilaginalcs, Uredinales and Gastromycetes 4 "
\__1807: Prevost : A French scientist suggested Cu So4 seed treatment for -l

brant of wheat Dj i 3

) _ heat. Discovered life cycle of bunt fungus. R . -

- —1821-32 : E.M. Fries : published ‘Systema Mycologica’— C‘\\Q—\S *\"0-*\.‘“% potaN i
1821: Robertson : first used sulphur as fungicide.  cowendakuse é’ -t;w%‘ .
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The theory of spotancous generation continued to _pe c'lo.mmant urlz'tdotgzs .

first half of 19th Century. Workers like Unger, Mayen; Leibig, suppo led
dfio,;f.- Ulngcr believed that discases in plants were the results of internal
disturbances in the physiology of the plants. ThlS.lS known as A.ntogenic': (rng
Physiologic period since the thoughts of the period on plant g:seasgs }&tchc
distinctly physiologic with a tendency towards the mythology. At the ¢n 1 of |'
Period, microorganisms then were considered as resnlts apd r}ot the cause o
the discases. Later at the end of the period it was becoming increasing clear
that fungi were very closely associated with disease lesions.. This kept raising
the quéstion as to whether fungi might be the cause of the disease rather than
the result of the diseases. .

Increased use of microscope lead to questioning of physiologic theory. The
existance of fungi as separate entities and cause was firmly established.

Late blight cf potato occurred in devastating eoiphytotic form in the middle
of 19t century. During 1830 - 45 in Europe this greately stimulated the work
in plant pathology as it was the potato famine occurred in 1842 where the few
sqi;ntists belicved that late blight of potato was caused by fungi associated
with it, ~ _ )
_ 1846-48 M.J. Berkely : came out with the parasitic theory of plant
diseses. He Published several papers on diseases of vegetables, cereals and
other ¢rops. Berkely described Oidium as the cause of powdery mildew of

vines. He (18 S) observed root knot nematodes in cucurnber. _
3- ton de bary : Showed the funggus origin of the late blight of

potatoes. His first paper on late blight of potato was published in 1861 and
the last in 1876. The foundation of modern plant pathoplogy was laid by him.
t. IModém exa : (1853 to 1906) : This period was devoted to the study of
‘he xrole of pathogens causing plant diseases. The theory of spontaneous
;cncratio/n was disproved by Louis Pasteur, Tyndall, Koch and others.

NAAton de Bary (1831-1888) was born in Germany, Contributed a lot to
he science of Botany. In 1853, he published a book * DIE BRAND PILZE”
ind established ithe relation of parasitic fungi. He studied the lite cycle of
nany diseases caused by fungi. He showed the fungdus origin of late Blight of
ofato. -

In 1864, he showed the heteroceious nature of rust fungus.

-

letexoecism: The phenomenon ‘where the fungus requires two urelated
Pecies of host plants for compietion of its life Cycle. He also suggested the
e Of "enzymes in between pathogens and plant hosts. He trained many
ientists from different counties among them to mentipn, Marshal Wilrd from
nglarid, Woronin (Russia), Farlow from U.S.A., Brefield from Germany and
llardet from France. He thus brought the science of plant pathology
cefront, He is known as the father of plant pathology. -
ot 1840-50 : Tuls:fxe krothers (R.L. & Charles Tulsane) : Have prepared
gc'ological’illustrations of rust and smut fungi. Most of the work dealt 'by"
M iS on smut & rust fungi. They confirmed the work of ‘Prevost. : '
1 850-1875: Cunningham and A Barxclay : Started identification of
ngli in India. Cunninghdm made special study of rusts and smuts. K.R.

fikar was the first Indian_scientist who_collected and identified fungi in
dia. | '
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_1858: Julius Gotthels Kuhn: Wrote hoo ers .On p:?g;*s
athology “ The diseases of cultivated crqps, (hcin-(;p,uﬁcg_@ug,tb,/w‘:g&/-
whete fungi were considered as causal Tactor and he classificd diseascs az/
arsitic, unfavorable soil and climatic conditions. 1l first dgmonstratcd. thc:j

rance of bunt mycelium into wheat seedlings. Kuhn (1857) desc
1 her of/plant

ente
stem and bulb nematodes. Wetzel mentioned him as fat
pathology. | :
~"1873: T.J. Burill : Started teaching of Plant pathology at University of
I1lino1S., ' L

B 1875-1883: Brefield : Introduced and developed methods of growing
microorganisms in pure culture. He also studied life cycle of smut fungl and
diseases of cereals. .

- _x876: Robert Koch, and Louis Pasteur : Had proved bacterial naturc

of Antlz,ra}i disease in animals.
/1878: T.J. Burrlll": Showed bacterial nature of Fire blight of Apples.
1878: Woronin : In Russia studied the life cycle of club root of cabbagc.

; /\188 1: RMI‘ : Developed the dilution plate method of isolation.
of bacteria and fungi. < 4 ;
1881: Marshal Ward : from England studied th life cycle of coffee Tyt in

Sri. Lanka (Ceylon). - o
_4-1882-85: P.A. Millaxdet : from France discovered the use of B

znixtur (Cuso4 +LimeJ for ¢o ntrol of downy mildew of Grapes. |
r‘r/’_—_‘ osaic| by

886: Adolf Meyer : showed . infectious nature of\Tobacco M

ifiecting the fuice from diseased plant into healthy plant. ™
:loped hot water treatment to sceds for loose smut

ordeaux

e —

~1887: Jensan : dev
of wheat. > Qbu((b I TTXE SN VTS aL A AN |
',',,%9'1_‘; E.F. Smith : transmitted Pcach Ycllows by budding. He also

showed the bacterial nature of wilt of cucurbits.
92: Tvanowski : passed the juice of Tobacco mosaic affected plant
showed it as infectious i.e. filterable nature

through ch&nbe;' land filtel and ;
of viruses. SN PRI . \\\e\( \\‘\\\Q}\OO NI
1894: Eriksson : a Swedish scientist showed biologic races in cereal
rust. He also putforth the mycoplasrii theory i.c. protoplam of fungus mixed
with protoplasm of host he called as mycoplasm and according to him his
mycoplasm was responsible for sudden outbreak of rust.
—1899: Beijerinck : confirmed jvanowski'’s work and called virus as

Contagium vivum fluidum. (Infectious Jiving fluid).
1900-1909 : Orton : studied Fusarium wilt of cotton, cowpea and

Watcﬁl}g}m and deveoped resistant varicties.
902: Takami : showed insect transmiss

'1905: Biffen worked on cereal rusts an |
nheritance:of rust resistance.

Tesistance and showed Mendelian 1 . ,
\ RE
1 v \ |.'l

'
. . ’\
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ion in Rice stunt virus.
d studied genctics of disease




S. Present Era : 1906: onwards:

In 20th century, phytopathology expanded mpldly with remarkable
discoveries. Only major lines of contributions are mentioned here -

1. Teaching of Plant Pathology as a subject has been started in Unlversitle g
and Colleges. The information of rescarch is bclng given to the cultivators
through Extension agencies.

2. Genetics in relation to resistance of discasc in host plants {s being studied
in order to dcvelop resistant plants.

3. Environment in relation to plant disease is being studicd which help in
forecasting of diseases and ultimately to underiake prophylactic control
measurs.

4. The nature and blologxcal activities of plant vimSCS are being StUdeCd in
detail.

5. Improvement of fung1cxdcs

6. Prevention of diseases through rcgulaﬁon quarantine, certification ctc.

7. Nammatode diseases are being studied.

8. 'Role of phytoplasmas as causal organisms in plant diseases is being

studxed

9. 1907: Establishment of American Phytopatho]oglcal Socicty and

~ publication of the Jurnal ‘Phytopathology' in 1911,
10, . 1909 : L.R. Jones : worked:on’' ¢nzymes sccrctcd by soft rot bacteria.

He Worked on soil borne diseases in Wisconsin .
11, \_1917: E,C. Stakman : from Minncsota, demonstrated phys1olog1c races
in cereal rust of wheat." o
.. JE.J. Butler (1874- 1943}— Beforc 1910 hc init.\atcd exhaustive study on
Indlan Fungi at Pusa. ,He is_considered as the Father  of Modern plant
oatholo;::v in India. He trined scientists at 1.A.R.I. in wilts of cotton and Tur,
rice diseases, cereal rusts, He wrote monograph on “Pythiaceous fungi®, .
Pungi and diseases_in_plants. He was appomted s the firs first Q,__“e‘c‘[‘cﬁ' of
[ A.R-I. , New Delhi.
' 1927: Cragie : showed function of pycnia in rust fungi.
1930: Plant Pathology as a University subject.came: into being at the
mwersnles of Madras (est. 1857), Allahabad {est. 1887) and Lucknow (cst

921)

N9a1y J.G&. Luthra : from Panjab 'in India advocated Solar-hcat.

reatrAent to wheat seeds for controlling loosc smut of wheat. .
%{‘ W.M. Stanley : isolated . virus from “Tobacco mosaic affected-

lants, purified and showed the chemical nature as crystalline protein.
_/1936-37 Bawden and Pirle : showed that viruses are nucleo-proteins.
184.5: Agra University had introduced PG Programmc in plant
ithology at.Govt. Agril. College, Karipur.
196G O: Establishment of Agril. Universities in the Lountry and teaching
Plant Pathology with its supporting courses in mycology, -bacteriology,
- Ology, ‘raematoloy, biochemistry, etc. has bccomc 1mp0rtant part of
aduate and P.G. Programmes in agriculture.

1967 Japanese scientist Prof. Asuyama and hls associatcs found
coplassm a like organisms were responsible for yellow dlSCaSC of plants.

/



_ .Flor 1955: Explained host- parasitic interaction in flax rust. He
identified 25 such gene pairs in the flax rust. The gene f_clggne‘rclatior;shin
has been found in some other host pathogen systems, e.g. . Phytophthora
infestans on polato. Several disease resistnt varieties have been and
cor_lﬁiﬁously being produced all over the world, ‘but it is a contintuous process
as the fungi too breed more virulent races and the plant breeders always have

- to be on the alert.

/

. IMPORTANT CONTRICUTIONS OF INDIAN PHYTOPATHOLOGISTS 7
| P - € ol vty = camaal xual , ' -
A" K.C. Mchta (1892-1950): Of Agra College studied the Physiology and
Epidemiology of cereal rusts in the country and showed that the rust spores
die in plains of India during hot summer and infection is from hills where they
over summer on self grown wheat and Barley plants and cause cpidemics. He
published a monograph on “Further studics on cereal rusts in India” in 1940.

;B.B. Mundkur (1896-1952): He worked on cotton wilt in the then
Bombay State. - He published “Ustilagenales in India”®, (Genera of rusts)é&
suppliment to. Fungi of India and published about 80 papers. He wrote ‘the
boo gi and plant diseases’ Dr, Mundkur was pioneer in establishment of
Indian. Phyto-Pathological Society in 1947 and its journal “Indian

Phytopathplogy” in 1948.

)c/,,E./jl.?antter (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 scientists in Cotton wilt, tur wilt, rice diseases,
Yusts of cereals, ete. ‘He wrote Monograph on “Pythiaceous fungi”, Fungi-and
Diseases in plants. He was the first Director of C.M.I. He left India in 1920.
He published Papers on Pythium, Chitridiales,

« —J7F. Dastur (1886-1971): He worked on genus Phytophthora, Cotton
Anthracnose, Pink disease of Citrus, Foot-rot of Betelvine. Cotton wilt is
Important contribution to the science. He published about 36 original papers
and 4 books. He was the first Indian Plant Pathologist who is credited with

etailed study of fungi and plant diseases.
R.N. Uppal : He worked on Downy mildew of Maize, bajra and showed

=hysiologic: specialisation in Sclerospora gaminicola. He worked on several
feangal, bacterial and viral diseases with M.K. Patel, and M. N. Kamat- in the
t*hen Bombay State at Pune. He published ‘ Fungi of Bombay’ with Patel and
KCamat. Hé remained as a prihcipal of the Agril. College, Pune. .
~_~G.S. Kulkarni (1920): Worked on Downy mildew of Jowar and Bajra

amnd smuts of Jowar. | -

> 8.L. Ajrekar: Studied cotton wilt, sugarcane smut and jowar ergot.
Padwick: He worked and wrote a book on Rice diseases. - , X

_M.J. Thirnmalachar: He published about 500 research papers

f fungi. He worked 1n

de=scribing 2Q new genera and 300 new species 0 : i
has discovered Aureofungin, Hamycin

H_ industan Aritibigtics Ltd. Pimpri and

amd other antibiotics. He worked on smuts and Rust in India.
. K. Patel (1899-1967): A Pineer worker on bacterial plant pathegens.
i India. He published about 140 papers mainly on bacterial diseases. He--
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modified solar heat treatment for wheat smut. He advocated a new systemof

classzf cation of Phytopathogenic bacteria.
S.N. Dasgipta and T.8. Sadasivan : Prof. Sadashivan at Madms

contnbutcd extensively explaining the role of enzymes and toxins in p]ant
lnvcstlgatlons on the role of enzymes and toxins in discascs started

discases.’
with a ‘great zeal by Gaumann, Walker, Dimond. Schools of r;undmncntals of

Plant Pathology at Lucknow and Madras were started by them.
G. Rangaswami: His work on bacterial diseases of plants and their

contfol was outstanding. He published 5 bpoks on Microbiology and
Pathology and over 300 scientific papers. He wrote books entitled” Diseases of .

crop plant-in India, Bacteridl Plant Diseases, Agricultural microbiology.
M.N. Kamat: Worked on number of plant disesses.and fungi. He wrote

boaks. o Plant Pathology and Mycology. He trained several students’ leading
to “M.Stc. and Ph. D. in Mycology from 1953 onwards. He ‘expired in
Dcccrnbcr, 1980. He wrotc books entitled “Introductory 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 -use of bacterial fertilizers was initiated by him. He trained scvcralv
studcnts‘leadmg to M. Sc. and Ph.D. in Microbiology and Plant Pathology. ‘

Co INTRODUCTION TO P’LANT PATHOGENS

l. . Bacteria:’ ‘They bclong to ‘Procaxyotcs of k:mgdom protists. The major -
" subgroups of procaryotic protists. are blue green algae, mycebacteria,

spirochetes and eubacteria (true bacteria).
Bateria are defined as uniceilular micro organisms, _dcvoid of

Bacteria: [1__
chlorophy Aand dividing by fissicfi.
i " Most of the bacterial plant pathogens are in orders

Psetidomonadales, 'Eubacteriales and Actionomycetales. Bacteria,
thovigh unicellular, comprise a large variety 'of morphological forms.
Bacteria are rods, cylindrical, ellipsoidal, variously spherical, spiral or
“helicoidal. Sphencal or ellipsoidal forms are called cocel and
‘according, to grouping they are micrococcus, diplcocous, tetrads,
sarcina, streptococcus, .or staphylococcus. The rodshaped Bacilii
bactena are microbacillus, diplobacillus or streprobacillus. Certain’ rod
shaped bacteial cells form Endospores. A slimy layer adhering and
‘coverx-ing ‘the bacterial cell is known as capsule, The flagellum or
hairlike appendages, speific in number and location on the cell -wall, is
an oxgan of locomotion or motility.. The bacteria may be artichous
(nonmotile), monotrichous,  amphitrichous, - lophétrichous  or

pcntrzchous Bacteria mult:ply by binary fission. ‘
“The  genera Xanthomanas 'y . Pseudomonas, . Erwinia,

COTynebacfenurry Agrobactenum and b‘treptomyces are 1mportant plant

" pathogens.
el Rhuobtum and Azotobacter are mtrogcn ﬁxmg bacterial genera.
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Bactericphages are viruses infecting bacteria. Bacteriophages «are
obkgate parasites multiplying inside the host cell.

Viruses: Viruses are obligate, parasites, highly infectious _ '
snecific, intracellular, ultramicrescopic entities made up of nucleic acid
and protein, They are parasitic on may, animals, birds, im;(-.‘(‘ts slx-u.(l
planté. Plant viruses are either rod or spherical in shape. "Ihc:y arce
mostly of DNA with protein coat while execptionally some plant viruses
contain RNA. Viruses are connecting link between living and ngn-living,
organisms.

and host

?‘-/4<‘ Mycoplasma : These are small unicellular, pocaryotic organisms, (size

0.1 to 1.0 micron) Mycoplasmas are quite wellknown in animal
sathology. However, mycoplasma is new in plant pathology. Since
1967 , most of the plant diseases under ycllows group of viruses have
been reported to be caused by mycoplasmas. They are pleuro
pnenmonia like ocrganisms or PPLO and can be cultured on highly
specific cultural medium containing sterol for growth. The mycoplasma
is non-motile, gram negative, containing both DNA and RNA. 1? h'as
no rigid cell wall but has lipoproteinaceous membrane. It mulnpl{cs
both by binary fission and budding. They arc 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. They
are microscopic, multicellular usually colourless, elongated, cylindrical,
unsegmented and found in moist places. Size vavies from 100 microns
to Imm. They have well developed digestive, nervous and. excretory
systems. Outer layer is of chitin, the mouth and head is provided with
a needle like structure, the Stylet’. They are 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
, ciondition§. Plant parasitic nomatodes are either endoparasites or
ectoparasites.

Flowering plant parasites: A few Phancrogams (seed plants) are parasitic
on living plants. Parasites are those, living at the expenses of the other
organisms. The parasitism of the phanerogams appears in varying
degrees. The parasite depends physiologicaly for its existance on the host

plant. While epiphytes are the plants which take physical support or
protection of host plants and are not classed as paragitcs e.g. ptr;opical

orchids. The phanerogams or the flowering parasites attack some crops

causing considerable damage or loss. Some parasites attack roots of the

hosts while others parasitize on the stem. Some are devoid of chlorophyll
and depend entirely upon the host plant for food supply. While others
have chlorophyll and are, therefore, capable of. manufacturing food from

~COz and water, however, they obtain minerals from host. The

phanerogamic plant parasites may be grouped as - - - -
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1. Stem parasites-
a) Complete or Holoparasite e.g. Cuscuta sp. (doddar).
b) Partial or Semi-parasite e.g. Loranthus

2. Root parasites- |
a) Complete parasite e.g. Oroban
b) Partial parasite e.g. Striga on Jowar.

che on Tobacco.

Fungi: Fungi are the members of kingdom Fungi and are microscoplc.
Fungi do not possess chlorophyll.  They are either.unior multicellular.
Fungi reproduce by means of spores either by asexual or sexual means.
| Fungi can be defined as eucaryotic microorganisms, chlorophyll-
less (devoid of chlorophyll)), having a_well defified nucleus, the
Vegetative structure being uni-or multicellular filamentous thallus with
. a firm wall and reproduce by division of .vegetative cells, well defined
 asexual and sexual spores. ’ -

" The thallus of fungi may be plasmodial, unicellular,
pseudomycclial or mycelial. In Myxomycota or slime molds, the somatic
structure ((thallus) is amoeboid plasmodium and lacks true cell wall. In
true fungi (Ewnycota) true cell wall is present, the- thallus is uni-or
multicellular, branching. Such. branched filaments arc known as
“Hyphae’. A mass of such hyphae is the entire vegetative body and is

L1i6wn as mycelinm, The hyphae are generally charcterised as septate
or aseptate. The cells have définite cell-wall made up of cellulose or .

chitin gr both. R
. When the hyphae is continuous with nuclei irregularly distributed
throughout the thalllus, it is called aseptate or coenocytic or non-

If the hypha is partitioned into compartments i.e. celis - by
Hyphae rarely occur

septate,
means of cross-septa; it is known as septate.
Neighbouring hyphae arc generally interwoven into felt like
k, myceial tissues are formed. They are known as

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
. glycogen. Glycogen is a carbohydrate taking place of starch in higher

plants.

singly.
masses and thic
‘S clerotia’ or ‘Rhizomorphs’,

thallus which is filamentous.
ha and a mass or hyphae is

Mycelium: is collectively the entire
es of hyphae and accordingly,

Inciividually, the filament is called Hyp
termed as Mycelinm. There are two typ
the mycelium is divided into two types. . o
. Septate: divided.by cross walls (Septa into segments;

Noai-septate: or Aseptate or Coenodtie: is unicellular not divided by .
cross walls. The nuclei are embedded into the cytoplasm without being

separated by cross walls.
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Nutrition of fungl : Fungi necd N,P,K Carbon, Sulfur Mg, Fe, Cu,
Vitamins. Fungi lack chlorophyll and, therefore, they are unable to
synthesize their own food. They feed and grow on readymade food. Their
mechanism of nourishment is absorption, which takes place by
osmosis through the cell - walls,
. ‘\0.(\\‘
. , |

RO X |
ot A4 SYMPTOMS OF PLANT DISEASES
\Symptoms are the expression

of the diseased conditioss. They ‘help in
_general diagnosis of the discase. Symptoms on the plants are cither due to
‘the character and appearance of the visible pathogen or its structures or
organs andfdue-to some effects upon or change in the host plants. The
control.of plant Hiseases is only possible through the correct diagnosis of the
. disease. : |
_ ‘Symptoms’ are expressed externally as well as internally. The
.-appearance of symptoms is the result of interaction between the host and the
parasite under favourable conditions. - Symptoms are often deceptive and one
‘symptom may appear in a number of diseases and one disease may exhibit a
number of symptoms e.g. Chlorosis may be due to deficiency or virus or
Downy mildew. Similarly, Anthracnose of cotton may show seedling blight
necrotic spots on leaves, bolls, yellowing of lint. etc.

‘Symptoms’ are always confused with signs. Signs are more reliable
than‘symptoms and help in accurate diagnosis of the disease. ‘Signs’ are the
actual presence of the pathogen or its structures on the host as a result of
manifestation i.e. signs are-inrcidéntal or experimental evidences of the disease
causing pathogen. e.g. in case of Root diseases, rotting and shredding of the
bark is a symptom but presence of sclerotiai bodies on stefm or inside the
bark is a sign. Similarly, wilting is the symptom but vascular discoloration
with fungus growth (the presence of myceljum) inside the vascular bundles is
sign. In ¢ase of Downy mildew diseases,.chlorosis 1s a symptom while downy
growth of the fungus on the leaves is a sign.

Symptoms are broadly grouped under three categories:
1)) Hypoplasia: (Hypo=under+plasia=Formation) Atrophy or dwuarfing :
These types of symptoms are due to under development of tissues or
chlorophyll resulting in dwarfing or chlorosis respectively.

A1) Hyperplasia: (Hyper=over+plasia=formation) or Hypertrophy or Over-
growth : These types of symptoms are due to abnormal or over development
of tissues due to increase in size and /or number of cells. ~

~&I11) Necrosis: These types of symptoms are due to destruction of affected
tissues involving -decay or rotting of the epidermis, collenchyma, cambium
and vascular tissues. | ce
Symptoms: Symptoms are expressions of diseased condition. They are
expressed internaly as well as externally and help-in general diagnosis. With
the help of symptoms, a diseased plant ‘can be ide,nt.iﬁ‘c:d from a healthy one.
“However, symptoms alone are not hélpful in ascertaining the exact nature of
~the disease. Similarly, symptoms may result from different causes, unrelated
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, i1dew, )
downy mM! typhoid or. malaria,

o i pe due to un T _
to each other. €.g. Chlorosis may e to WO 1 F [
deficiency. Fever in human being may b?'dg'f‘c" evidchCS of the dlsca§cs ang
pyoe : Si .ns are the cxpc'rimcntal or scientill i htﬂp’ in accurate dlagl'msis
s:g;;ﬂy]g(:onﬁrmcd‘undcr the microscope¢: .Sign nscé of - the pathogen .or jg -
gf' the diseases. Signs are the actu prcsjf'of mé,nichtaion‘c'g' presence
ctructures on the host or in the host 25 a fc_sgéw of grape or Jowar, bacterig] -
of whitish growth on the leaves in downy mil

,oze in Ring disease of potato etc. N .
er four categori€s o L
. ' . . ;?',. —:.3 K} -,"‘ '. -O E . ‘ :

HIYPOPLASIA : { Hypo = under + plasia = FOTRELER) 1\ or sub-normal

These type of symptoms, are duc.tb.,..-ul@—.‘}:—]%%%—g 11 éntent resulting in
levelopment of the tissue, or reduction 1n the € infection,’ parasitic or non-
‘warfing_or chlorosis. They may be due to wr?;}ihor elements etc.
arasitic agencies such as deficiencies, excess O .

viral infection q

3ymptoms are grouped and

Chlorosis : ' I TR : i ’ Diffcre
It means destruction of the Chlol“{.h 11 .m?'thct;lsf}\llg degree I;}
terms are applied to describe chlorosis accor mms '

destruction of chlorophyll, such as------- e b ' '
. Yellowing : There is complete destru tion. of chlorophvll. When the
' j These symptoms are usually

lour becomes white it is known as etiolation. 1NC a
used by parasitic fungi, viruses deficienceies or by non parasitieC causes
3. yellowing of sugarcane due to deficiency, .01, hite aster yellows and
llowing of double bean are due to viral infection. ~ : . : -

' Pallor: Partial destruction of chlorophyll in the form of streaks. There
unhealthy appearance of the plant due to deficiency or excess of water or
k of light or reduction in chlorophyil content due to pathogenic organisms
. bajra seedlings affected with downy mildew. . v '

\  Mos=mie: Mosaic is caused by virus infection and chemical deficiencies,
t virus mosaics are highly infectious than the deficiency diseases. It is due.
Q«'{ﬂlal loss of chlorophyll or chlorosis in_uneven :patches e.g. Papaya
saic, Tormato mosaic, Chilli mosaic efc. . '

~ Yellow mosaic: Light green and yellow patches are observed in the leaf
I_IL_QY Cif- ' yellow mosaic of beans

ellow veln mosaic : Veins beco vellow ina? i

:n €.g. yellow vein mosaic of Bhendi. mevelow and. ical Jamina remging

Mottlin gz : Partial destruction of Choro i interv
flo lam e 2k phyll .in . -
tle leaf of cirturs due to zinc deficiency. . = thcilr-x___t.e' . veinal area ¢.g.

1

Dwarf£ing:
General underdevelopment of entire plant ; . N
et e plant is ibot i
nternodess resplting in stunted growth or abimght Hbout by reduction
ssy” shoot of sugarcane etc. - -appearance e.g. Rice stunt,.

3mall Jeaf or little leaf : The siz

- . . € } Y i .
anjal, grassy shoot of sugarcane, 'n:)f:.e:{ I'S' .ngeatly reducd e.g. Little e
unchy top : The leaves emerge out in the fo - ' -

slant .2 Bunchy top of banana caused bj‘arzlrgf'a'bunch at the crown of
s us - .

. 0'.:.’;-‘\5_ .. -~ a
A il OF &n 4



II. HYPERPLASIA : [ Hyper = Over + Plasia = formation]

It means over development or abnormal development of the affected
‘tissues This over development may take place in two forms either due to a)
Increase in size of individual cells of the affected tissues or b) increase in
number of cells e.g. Stem galls, Club root of cabbage, hairy roots etc.

1), g. Tumours and galls : Tumours are knot like structures or over growths
/gafg’@ of the host.tissues. They are bigger in size e.g. Tumours caused by a

. Parasite, loranthus on mango and other fruit-trees. o

_0('3 & Galls are abnormal swellings or blisters or pimples/knots formed on
‘plant parts. The bacteria, fungi, nematodes and some 'viruses induce
" formation of galls: in plants by . stimulating mature cells to resume
-meristemetic. growth; Galls'are smaller in size than tumours. | -

-a) Root galls: e.g. Root knot of Brinjal, caused by nematodes.

b) Stem galls : e.g. - White rust of crucifers, Loranthus on mango: 4

c) Fruit galls e.g. Malformation of fruits, Physiological disorders in Mango.

d) Club root : e.g. club root of Cabbage, caused by Plasmodiophora brassicae.
.€) Tuber galls : e.g. wart of Potato. - . =~ ._ .

#+2) Hairy roots or Spindle tunbers : formation of numerous fine roots e.g.
spindle tuber of potato due to virus: ‘ ) A

3) Witches . broom :-Excessive ‘malformation of floral parts due to stimulation
«of.a large no. of buds. -Numerous slender branches arise from.limited region

in close. clusters appearing like broom e.g. Green- ear of bajra caused bl, ol
downy mildew. oph@na. “the ooeoro v cﬁ;} BPPOLS 0% oy wpight- Alustes
q‘t‘grtj ‘t&‘ﬁoo-\%

4) Leaf curl : It is the curling or dis

of the leaves. In the leaves, an .

increase 21 cell numbers in either side of mid rib and stimulation of growth of 4
. .

the Palli

se p cells goccurs. The cells of spongy Parenchyma: result inhem

puckering and curling e.g. leafeurl-of-ehilli-and_tomato. Yoo hak Q& Sh

.NECROTIC SYMPTO : . ————

They involve death or destruction of the affected tissues, Either entire
plant or.plant parts ‘may be affected, involving decaying or rotting of the
epidermis, Collenchyma, Cambium and Vascular tissues e.g. Bli'ghts rots

~ wilts, damping off,cankers, anthracnose etc. , ’ ’
1.Blights : Here,there is a general and rapid destruction of plant pérts like
shoots, leaves, blossoms, twigs etc. The dead organs turn brown to black

Ao, Jeod gy Peocin Lod Cxopwrfinag dalerman

showing burnt appearance e.g. Early and late blight of potato, Bacterial bligh t

of Paddy. : " *

2.Wilts ; Wilting or drying of entire plant is observed in adult plants. T ﬁc'
leaves and other succulent parts lose turgidity, become flaccid and .drop'. Itis -

a t;ypira] vascular symptom due to plugging of water conducting vessels ox’
toxic effect e.g. Tur wilt, cotton wilt, Pea wilt, gram wilt etc.(Fusarium sp.)
3) Rots : The term is applied in cases where affected tissues decay or rot .

Infection of parenchyma and pith tissues of various parts takes. Rots impart

different colour reactions and are designated accordingly.
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A. Dry rot: Decay of tissues takes place. Even after rotting some times the
infected tissues remain firm or hard e.g. Dry rot of potato and corn.
B. Boft rot : Decay of soft tissues, rotting is accompanied by softening of the
tissues, e.g. soft rot of lemon, mango, tomato, banana éetc.
C. Red rot : Affected tissues become red in colour ¢.g. Red Rot of Sugarcane.
. D.Wet rot : In addition to softening, there is slimy 0ozing of liquid e.g. storage
~rot in potato, citrus and other fruits, usually due to bacteria.
E.Root rot : Destruction . of parenchyma of underground stems c¢.g
Rhizoctonia root rot of cotton, hollow stem of jowar{charcoal rot of jowar).
. Rots may be described some times according to plant parts affected e.g.
Stern rot (Papays)., Collar rot (Groundnut), Neck rot (Paddy), Foot rot
(Ginger). .. . | . |
 The rots are also described after the discoloration produced on infection
¢.g. Brown rot (Potato), Black rot (Cabbage), Red rot (Sugarcane) etc. '
4. PDamping off : Sudden wilting and collapse of seelings is observed
commonly in sced. beds. The stem near the soil is affected, becomes
constricted and weak e.g. Damping-off of - seedlings of tobacco, tomato,
Cabbage, Chilli etc. R "
5.  Cankers : Deep seated intection due to destruction of woody tissues
and cambium tissues. Cankers are raised from epidermal _surface of the
tissues and are rough to touch e.g. Citrus canker, Guava cankeg ctc. _
6. Spots : Formatipn of spots'is a.localjscd.dcstructioh of the tissuds in more
“or less circular manner. They are usually found on the leaves, and may
develop on stems or fruits. The dead tissues which are in limited area, give -
shapes. as angular, round '_Qr_.clrpulé’r,s’urroundc_d by yellow, purple, red
‘margins e.g. eye spot of Jowar, tikka.of Groundnut, angular leaf spot of
-cotton. ' . : ' <
7.Tar spots and Streaks or Stripes : necrotic arca become typically tar
stained _ e.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 are distinct e.g. Blast
of Paddy. . : 3 .
9.Dic b=mck : Dying of plant organs, especially stem and branches, from the
tip dowxraard or backward ¢.g. Die back of citrus, chilli.
10, Exn «dation : Secretion of sticky gum like substance due to discasc e.g.
Gummo ssis of citrus. . . .
11, Antiwracnose : Destruction of collenchyma and cambium tissues. Lesions
are sundxen in the centre with raised and prominent margins e.g. Anthracnose
of grape s, chillies and beans. . - - o
12 BlacEx heart: Blackening of central portion is observed in potato tubers
duz to Faigh temperature and poor ventilation in storage e.g. Black heart of -
potato, . | ' . N . .
13.Scab = destrnction of epidermal tissues in the form of scars. Infection is
not deep>» seated-e.g. Scab of potato and apple. | -
}/‘*_-Sh@t “holes : Decayed leaf tissues are given away leaving holes or
oerforati-ons e.g. shot hole of Ashok and Mango plants.
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15-'Mummm°§ti°n + These types of symptoms are observed in fruits
skin of the fruit becomes hard and fruits get shrivelled s .
as mummiified fruits e.g. Downy mildew of grapes.

The
uch fruits are called

IV) TERATOLOGICAL PHENOMEN ON:

o This is. the phenomenon where the plant or plant paﬁs lose thcir
original appearance and take up different form. This may be due to genetical
otr pathological factors e.g. Stems turn into tendrils, sepals turn into petals
etc. . ‘ :

1.8muts : The floral parts are usually-affected, the ovaries are destroyed and

replaced by forming sori e.g. smut.of jowar, loose smut of wheat etc. * °

.2.Ergot:Normal grains are replaced by Sclerotia e.g. Ergot of Bajra, . :
3-Phylledy : Transformation of normal fléral parts into abnormal structures
¢:g. sesamum phyllody. ¥ 97} Pods Gomalpermed $ov quews, e} Sva Svocheces

v4. Green ear :: Flowers are Qonverted Tiio Freendand e ongated leafy
structures e.g. Green ear of Bajra.

SIGNS: :
1. Mildews: The presence of the: pathogen is seen on the host surface c.g.
Downy mildew: White cotion g"(_)jy_‘_tﬁof the fungus is seen on the lower
-L‘.'s';:surfacc cdrrésponding to chlorotic aréa on the upper surface e.g. Downy
. mildew of bajra, Grape, Jowar etc. APEEOLon L Pex Su\rOws W
“"Powdery mildew: Powdery growth consisting of mycelium and numeérous M.
oidia (conidia) is seen on the host surface c.g. powdery mildew of pea.
2. Rusts: The pustules of spores usually protruding the epidermis are seen
“"on the host. Pustules may be either dusty or compact and white, yellow,

“"brown, red or black in colour eg. whi\tc'rust of crucifies, leaf rust and sterm
rust of wheat.’ PRt TS % Q OUJd e aNled W
~N I
7~ 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 -roproducc by spores. The spore is an unit of reproduction
Fungi reproduce by spores which are produced in 3 ways:

. Asexual 2. Sexual 3. Vegetative.
] ScSpores arc speciali;cd cells. Onc or more cells are set apart for

reproduction. They are borne on specialised hyphae, the sporophores

i ] : .) "Endogenou s
e borne in special receptacle (Endogenous.) C
e s 1o division of the inner content of the mother- cell into

formed. b C ;
i}\)l(:lr]%scra(r)? cells whic)}; become separated from one another and are 1.1bcrated

tiole. ‘ .

' eakage of the wall or through ostio N | . ]
outsld:}?g P;?)isagporcs appear as protrusions on the t)p or at the s;c.i.c of th

fertile h‘yf;%ae'e;nd are cut off when they reach matunty. . _
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CLASSIFICATION OF SPORES

Spores
| .
l ! i »
Asexual Sexual Ve 5 tive
1 | l - -
Exogenous Endogenous (i) Zygotes (i) Chlamydospores -
o : | - (ii) Oospores o
JQ Conidia | |~ (iii) Zygospores
(i}Oidia . Motile Non-motile (iv) Ascospores

(i) Zoospores  Aplanospores (v) Basidiospores
. (ii) Swarmspores o

Spore Fruitsa:

 Bpore fruit is an organisation of spores and spore bearing hyphae,
srely naked but frequently enclosed in various types of receptacles. The
pore fruit usually has thick covering known as pexidinm. The spore fruits
re imortant in tiding over unfavourable conditions, multiplication and
raintenance- of inoculum. They are utilised as taxonomic characters in
stermining the broad line of various’goups of fungi.

Stroma: The pseudoparenchymatous tissues intp which sporophores
t embeded. Hyphae rarely occur singly. Neighboring hyphae are generally
ter wound into felt like masses and form a thick hyphal tissue which is
med as plectenchyma. When single hyphal element is still recognizable, it
called Prosenchyma or prosoplectenchyma. When-the hyphal elements
we lost their identity, the tissues bear a resemblance of parenchyma of
gher plants, then the tissue is termed as Psendoparenchyma. ‘ :



g 2N
[ )

CLASSIFICATION OF SPORE FRUITS IN FUNGI

A spore fruit is an aggregation or collection of spores and spores
bearing hyphae [sporophorcq], sometimes naked but frcqucntly enclosed i
various types of containers or spore cases or receptacles. The spore fruits
have a thick wall known as peridinm, which protects the spores till the
onset of favourable conditions. There are two types of spore fruits based
on whether spore fruit contains or gives the sexual or asexual spores andl
thus, there are sexual or asexual spore fruits.

Spore fruits
I
A I

I Asexual , : IT Sexmnal

1. Sporangium(a) O (a)Ascocarps, 1) Cleistothecium(a)

2. Coremium(a) N, 2) Apothecim(a)

3. Sporodochium(a) N 3) Perithecium(a)

4. Sorus(sori), v 4) Ascostroma (Ascostromata)

5. Fycnidium(a) )
~/_‘,,6.._Aec:ium(a) : (b)Basidiocarps 1) PufTl balls
— 7 JAcervulus (Acervuli) 2) Bracket fungi 1
_~ 8."Pycnium(a) ‘ 3) Mushrooms

I) Asexual spore fruits :
1. 'Sporangium [plenral. Sporangia]

** This type of spore fruit is a charctcnstlc of the fungi belonging to thc
sub ‘division mastigomycotina and zygomycotina. It may be of different
shapes, the commonest being the elliptical and the round. The elliptical
Sporargia are formc_d by lower fungi of Mastigomycotina and Zygomycotina
which are semi-acquatic in naturc, while round sporayngia are formed by

terrestrial fungi belonging to above sub- divisions. The spores in sporang'lum.

are called sporangiospores. When sporangium gives motile spores, it is -
called zoosporangium or swarmsporanginm and sporcs as zoospores Or
swrmspores. The round or spherical sporangia give non motile spores known
as Aplanospores. .
2. Coremium [Pleural-coremia ]

The hyphae form erect conidiophores and are grouped togethcr to form
coremia. Each coremium consists of sterile stalk terminating into fertile

hyphae bearing conidia e.g. Stysannus thyrosoides.

3. Sprodochinm: [Plenrsl, Spogodochia] . .
A fruit having cushion shaped stroma covered with comdlophorcs is
known as sporodochium. The conidia formed msxdc ooze out in sticky mass

©.g. Genus Necteria growing on the trunks.




4. Sorus: [Pleural. Sori] 4 . . gl and spores ‘and
I is[]; liulg"hgﬁa"m%&mﬁagr—ﬁ?égg%}g%fétu:fi)r;h?}rigscpidcrmis breaks
re red epidermis. . _ .
spores are usuaily cove tc}; igdust o smut 'amd‘Ru'st fungi.
~ ghort conidiophores

and all the spores are libera
. Py : al, idia C
5. Pycanidium : [Pleura Pycnidia] 4 sporefiuit with short’
Pycnidiospores. The
g is called as ostiole.

It i herical or oval shap orc!
S oy wh ores: or conidia called

lining innerside which bear sp ; ae
spore fruit usually opens at the mouth and this openin

Phoma spp. and Phomopsis sp. |
6. Aecium [Pleural-Aecia] '
It is cuplike or bell shaped structurc usually formed on the lower
hyphal cells producing yellow or

surface of the leaf, consisting of binucleate, . .
chain called - aeciospores, which arclformcd in

orange coloured spores in

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

7. Acervulas : (Pleural-Acervuli) ' I
' It is compact mass of hyphae giving rise to short, simple, 'hyalmc

g bed. like mass with or without .

conidiphores, closely packed together formin S Wi ) .
IT wn to black and are as called zetae. Itis

thorns, The thorns may be deep bro 1] .
also known is ' modified open sours €.g. Colletotrichum and Gloeosporium.
8. Pycnaiun : {Pleural-Pycnia)

It is a characteristic of rust fungi.

containing pycniospores or spermatia eg. Rust fungi
II.. Sexmal Spore Fruits: "
‘a) Ascocarps: - , ' , o
_ These are the spore-fruits preduced by the fungi belonging to.the sub
divisiorn Ascomycotina. Sexual spores are produced ‘éndogenously and ‘are’
knqwn as ascospores in a sac called ascus (pl: Asci). :
- The spore fruits are of various forms i.e. -Spherical, flask, cup-saucer
and pod shaped . Following are the different types of ascocarps.
1. Cleistothecium : (Pleural-Cleistothecia) . ' '
iitegularly

... It is closed without ostiole, round to oval ascocarp with
m to black colour and provided with

z;jrr-aﬁ'gc:d or scattered asci with dark brow
dppendages to anchor or to hold fast and to help in dissemination. e.g.
powdse ‘mild ai of order Etysiphales. - ‘ |

2. " ‘Perithecium : (pleural perithecia)
A flask shaped ascocarp with narrow neck like ostiole through which

;ﬁft l?re' released. Th.e asci are arranged or lin'ed'to the inner wall of the
o vt opaion 5. G
, | e asci in nutrition and dispersion.e.g. Clavi
2,,(1 Glo rerella spp. e o 1IP |rs,19‘n ¢.g. Claviceps
e f:potheéium : (plenral Apothecin) =~ R -
A cup or saucer shaped spore fruit with broad opening is known ¢
apothecinm — e irit wit ad opening is known as
called hmng;i-as,}f; are arranged in palliasse layer(like straw-filled mattress)
;is Scle rolinia sp: 1e apothecium is usually fleshy. and'lc'athcry in nature

' Q;Titroma': (Pl-Ascpstromata). | . '
Thus, < tC 2sci are formed directly in a lo i -

> SLxoma forms the wall of theyascoc«'iu‘p(.:ulc oF ey \fJith111 the stroma.

It isflask shaped structure
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(b} Basidiocarps:

. These are the fructifications of sub-division Basidiomycotina and
consist of Mushrooms, Toads-stools, brackel fungi and Puff balls. They ares
highly developed and have compound stiuctures. Tﬁcy may be fleshy
leathery, woody or waxy in nature an¢d bear special strictures va.n'ousl);
known as gills, pores, needles and chambers. The sexual spores are the .
basdiosopores, proeduced ecxogenously on the tip of enlarged cell of Hypha
known as Basidium (Basidia). The basidiospores are usually 4 in number.
The-basidia are intermingled with sterile structures called paraphyses. The
cells slightly larger than basida intermingled with hymenial'layer are known
as cyctidia. ' ' . -
1.'Poff balls: : .

' These are round-or spherical, véry -small to big basidiocarps, commonly:
found on dead organic matter. The basidiospores ar¢ produced in the
hymenium which line the inner surface. On maturity, basidiosores are given-
off in-the 'fotm qf ‘puff or smokes. The puffballs have got small stalk at the
baSC.~ .:(: RTON ’ ’ ’
2. Bracket Fungi:

These are compound fructifications growing on dead tree trunks. These
are woody and hard basidiocarps, They are typically bracket, hoof or saddle
shaped and higlily colored. They are borne ‘on short stalks. The, hymenial
layéfg,iq"foung on the honey comb fashipned pores in which bgsida and
basidibpores are observed. 1 e
3. " “Mushreoms: - -

“"“These are the fleshy or leathery, compound {ructifications with

vaioiisly ‘cbiprqgl, qg;pr@ignlj found on manure pits, dung heaps and on any
rich’offanic mattér.  They are borne on stalks and provided with gills and
pores to the tiniderside which contain hymenial layer. The mushrooms may
be edible and non-edible or poisonous e.g. Agaricus sp. o .

The sporefruits are important in tiding over unfavorable conditions
“ahd ‘multiplication "& maintenance of in(?_culum . The spore fruits are
qtllxggq}gstaxonomxc 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- vegetative
reproducti nd does not involve the unijon of two nuceli, sex or sex organs.
: L€\ . .
res :
HyphacAoffAm;untc Spo ad : |
Sexnal 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 whole -
unicellular thallus is converted into reproductive structure, such fungi are
called as ‘holocarple. ' , S

.. In the majority of the fungi a protion of the multicellular thallus is
utilized to form reproductive structure, such fungi are called as ‘encarpic’.

'METHODS OF ASEXUAL REPRODUCTION .

l. By the fragmentation of the hyphae Mycelium and each fragment grows

into a new individual. The hyphae break up into their component cells as

- Oidia or arthrospores whﬁ#ﬁ?h?;c. like spores. If ‘the cells become
enveloped in a thick wall before they separate from each other from other

hyphal cell adjoining them, they are called chlamyospores. Fragmentation
nay also occur accidentally by the tearing off of parts of the mycelium

through external forces c.g. oidia of powdery mildew fungi. ’

2. Fission of somatic cells intgumtiz'wg‘glls (Binary fisson / simple

splitting) : by rq“n%gng a cell wall’each spore germinates and forms a germ.
tube which grow8 the mycelium. It is the characteristic of the bacteria and
some yeasts which are true fungi. ~T— T ° ——— >

3. Budding: It is production of a small outgrowth (bud) from a parent cell. As
the bud js formed, the nucleus of the parent cell divides and one daughter
Nucleus migrates into the bud. The bud increases in size and eventually
breaks off and forms a new individual. It takes place in majority of yeasts
and many other ‘fungi like Rust and smut fangl. At certain phases
(Budding of sporidia). | - - '

' Production of asexual spores : Fungi produce spores asexually dnd two
- tYPes of spores are commonly produced e.g. sporangiospores, conidia. -
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4 SEXUAL RERODUTION IN FUNGI

Sexual reproduction in fungi involves a fusion between two gamets of
oppasite_sex. A gamet {5 unisexual and, Therelore, haploid-(In):The spore
resulting from the sexual fusion is bisexual and, therefore, dipoid (2n). ~

\ Nx\ﬂ\g\\wc\;m ' )
 Fungi may be monoecious where both sexes occur on the same thallus.,
.i.e. some species produce distinguishable male and fermalé s¢x organs on cach
thallus. A single thallus of monoecious. or hermaphroditic , species can
reproduce sextally by itself if it Is self compatible or self feritle, where as some
fungi may be dioeclous wj_x_g_rﬂg_@g_§_¢7>_c__c_§_"_oggur__gn_q_i_fj'ql‘ch_t_"tll_qll_i; A single
Thallus of dioecious species cannot reproduce sexually by itself normally since

it is either male or female.

¢ as in lower fungi (Archimycetes) and

e carried in special cells and are non-

.~ +. - Gametes'may be naked and motil
the gamet is called gamietangium.

are called: ‘planogametes’ or they may b
motile as in higher fungi. The cell carrying
, The_sex: organs of fungi are called gametangia. These ‘may’form

differentiated sex célls called gametes or may conlain one or more géjnct-

nuclei. - *. . The terms Tsogametangia’ and Isogametes respectively, are

used -to ‘designate gametanigia and gametes which are morphologically

indistinguishable. and ‘Heterogametangia’ and ‘Heterogametes’ to

designate male and female gemetangia. and gametes which’ ‘aré
morphclogically different. In theldter case, the male gametangium is called

the Antheridinm and female gametangium the ‘Oogoninr’. R

o e g

The sexual process involves 3 typical phases:

I;.'.?laémbggmy; Union of two protoplasts bringing two haploid nuclei
together in the same cell. i

IT. Karyogamy: Fusion of two haploid nuclei brought together as a result of
plasmogamy. Karyogamy immediately follows plasmogary but in some cases
it is delayed and plasmogamy simply results in formation of binucleate cell
containing one nucleus of. each cell (sex). Such pair of nuclei is called
dilaryon and stage of the fungus as dikaryotic condition. o

]Ii‘:-ffjg;{gié:'{'{s:""N_ug]car.:fu,sion takes paces in all sexually reproducti'ng fungi
forming “diploid (2n) phase. Meiosis takes placc sooner or later after the

diploid phase i.e. after the karyogamy. Mcosis is the rednction division
leus to the original haploid number in

bri_‘x;lg_i‘pgf the diploid zygote nuc

daughter nuclei.. Thus, the fungi like all other ‘plants, have haploid and
«iiploid phases. The former is known as haplophase and later as diplophase
And Lyphae are called haplont or deplont according to the chromosomes in
T heir nuclei. | :%% 525 3:;; Bl
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brings two haploid nuceli together in One
e diploid -zygote: nucleus and meiosis °

To summarize, plasmogamy
clei which result from it.

cell, karyogamy unites them }'nto on
restores the haploid condition In the four nu

|

Methods of soxnall reproduction in fungl: ' _ “S‘" 4
1. Planogamatic copulation. = § e \MQ%WE _ Blorye ﬂ‘
2.  Gametangial contactfgcesgor® ‘ixﬁ’c%&‘“" ?60&; F omale Gaes %,
3.. Gametangial copulation. MO\,\QR\\ a.dod — o el

4.. . Spermatization. :\SO%PG% _ .
5. Somatogam L haa Cn Sas
‘:. Heterokixyo};L‘ ?«;«Kc%m%%.\ acslpiive WP
7. ‘arvotizati > Swuks ‘ i .
. ?I?Ikal'}\ ; EMEOZ\—‘% Fasosdur AdFenoswa
> O\ LT .
1. Planogamatic copunlation: This involves the fusion of two naked gametes
" one or both of which are motile. Motile gametes are called planogametes.
The most primitive fungi produce isogamous planogametes which are
. morphologically similar but differ in size and are produced by only onc
group of lower fungi belonging to the genus Allormyces. W'hilc in
. - Monoblepharis of order Monoblepharidales, the female gamete 1s non-
 motile where as the male gamete is motile. The later enters the ocogonium
and fertilizes the egg i.e. the mating gametes are heterogamous in
- characters. o L : 4 ¥ '
Ga:l:netengial 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 transferred

-directly from one gametangium into the other. (In this method, two

gamectangia of opposite sex come in contact and one or more gamete nuclei
nigrate from the male to the. female. In no case do the gametangia
' actyally fuse or lose their identity during the sexual act. The mals nuclei,
in some species, enter the female gametangium through a pore developed
by the dissglution of the gametangial walls at the point of contact while in -
other species, especially developed fertilization tube serves as a passage for
. the xmale nuclei. After the passing of the nuclei has been accomplished,
the oogonium continues its development in various ways and the

anth eridium eventually disintegrmates e.g. Ascospores.,

9. Gam etangial copulation: This method is characterized by the fusion of

the entire contents of two contacting gametangia. ‘Such fusion takes place

~in orxe or two ways - - - -

a) Paszmage of the contents of one ga.metangium ) 'l-z-z,to the other 't.lu'engh' Y
fn:rﬂe) c:_idcvielopcq in the gamatang‘h:l #ndls at tha'-_;}oint of contaet : . This.
he 'c:citir"s t;;]a:;lncularly cha;actgﬁst,lp. of some holoearpic forms in which

¢ thallus acts as a gamtangium, the male thallus attaching itsel{

‘t' . os” o )
0 and emptying its entire contents into the female thallus.
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b) Direct fusion of two gametangial 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 twa protoplasts mix e.g. Zygospore.

4. Spermatization: Some fungi bear numergus, minutc, uninucleate, s;__ re-
llﬂmale structures termed spermatia which are produced in various
ways. The spermatia are carricd by insccts, wind, water, or in some other
ways, to the female gqmetangmm or to spccial rcccptivc hyphae, or even, to
somatic - hyphae to which they become attached. A pore develops at thc i
point of contact and, thé contents of the spermatium passes into thc
particular receptive structure which serves as the female organ, e.g.
Pycniospore and receptive hypha in rusts.

5. Somatogamy: No sex organs, wherever, arc produced by many of the
h]ghcr fung:, somatlc ce]ls takmg over the sexual function e.g. smnts.’
e
Parasexuality Some: fungi do nct go through true sexual cycle but’ dcnvc
"benefits of sexuality through parasexnality. In this process, plasmogamy
" karyogamy. and .diplodization takes place but not at specxi‘ ied pomt in the
thallus. :
6. Dikaryotlzation. This i’b a degenerate type of sexuality of commion
" occurrence’ in- higher Basidiomycetes. It is accomplished through
migration of nuclei from jone cell to another cell of the vegetative haphae;
~ often through the mcc.hamsm of anastomosis or clamps. The two nuclei
remain in paitr and divide as such. conjugate and ony fuse pfior to
Tormation of spores. No special sex cells are produced 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
brought .about by 'Hypha] fusion’ and anastomosis’ or ‘bridging’ of
vegetative hyphae of carrying nuclei of different genetical reactions and is
of common occurrence in Fungi imperfecti like Fusartum, Alternaria giving’
to new nuclear combination and resulting in the origin “of new forms.
jﬁi phenomenon of existance of diffcrent kinds of nuclei in the same
idividual is called Heterokaryosis.
B. Nucler disseociation: This is brought about by segregatlon 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. ie.

Sexuality in fung1 is varied. The sexual process has a fixed pattern in lower
fungi while it is highly flexible in the higher fungi. A smgle sexual act gives to
a single scxual spore in lower groups of fungi, while it is followed by many
Sexual spores in higher fungl The sexual phase i. €. ‘karyogamy is dclaycd for
2. long period in some fun N\
Bexunl compatibility: A-great many fungi produe. clearly dlstmgulshablc
male and female. sex organs on the same thallus. These two sex organs may.
e compatible, self-fertile or may be incompatible i.e. sexually self-sterile..
b ecause their'malg organs are incompatible with their-female organs. Int 'some
fangi the two sex organs may be produced on two different thalli.
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ermaphroditeé nature in higher

us to h
y and the sex

. : alo .
Monoecious or Homothallic: AN gd by the same myccl;um

plants. Both sex organs are produce

organs are comatible. . * higher plants
thallic: to dioecious in highe . )

Heterothallic: Analogous one thallus or mycelium and the other

One type of gametes are produced on . == e R
type: of gametes on the second thallus le. two _different mycelia each

producing one type of gamete, or- if both the gametes are, produced on the
same thallus, they are self sterile. A ¥
h the sexes are segregated-in separate

eterothallism: The condition in whic .
cual reproduction €.8. Mucor

thalli i.e. two different thalli being required for se

-~

sp. ‘ L. ,

- DrAF, Blakaslee in 1904 “discovered the phenomenon of sexgal_
incomptibility in jungal _species of Mucor and Rhizopus, The fungal species
‘Homothallic’

“Which could produce ospores on single thallus are called
e t compatible thalli to form

while Some species which require two differen

zygospores he called ‘Heterothallic’. Sirice the two compatible strains could
not be distinguished morphologically, Blakaslee labelled them as (+) and )
He showed the heterothallism .in the Mucorales as representing a true

segregation of sexes in different thalli. : o
, ( Similarly, Cragie in Canada in 1927 showed the hctcrothallzsmrmj_gﬁt
Puccinia graminis_demonstrating the fuction -of pvcniospprcs_lv,hmh_'_am

‘haploid or + ve in sexual tendencies.) ,

PARASITISM

-Fungi are divided into three groups according to the n:xanner they obtain

their food as-------
i) Sapxophytic ii) Symbiotic iii) Parasitic
Fungi lack chlorophyll and, therefore, they are unable to synthesize

their own food. They feed and grow-on readymade food. Their mechanism of

flutrition is absorption which takes place by osmosis through the ceil walls.
A)Saprophytic: These cbtain their food from dead organic matter which may

be in the fgrm of rotten plants, debris or animal tissues. Along with bacteria
tht?_y play important role in’ decomposing the organic matter of plant and
animal origin into simple substances and restoring i i

R tmes toring them in soil e.g. Mucor,

\}ﬂ/ Symbiotic- is thc-nature. of cb-o i NI T
s . prative association of two dissimilar
E{‘gamsms which mutually benefit each other and are not antagonisitic
IChCnS’ Liycoﬁ—hiza‘ e ‘ g S1 C;-ﬁ.g. s

psne T e o et o i ot
E | ydrates -by "photosynthesis and the Tungi
| , e Tungi

absorb water and
' mineral elemen ' - :
and products of photosynthesis. ts in solution which is exchanged for sugar
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Mycorrhiza? It is the symbiotic association of certain fungi with roots o
higher forest plants.

~Aii) Parasitic - They obtain their food from living tissues of the plants or
animals, '

Among the parasites onc can distinguish different degrees of parasitism as

(@) Obligate barasites, (b) Facultative saprophytes and (c) Facultative
parasites. :

AR) Obligate parasites: are the organisms which live entirely on Mg
tissues. They pass their entire life on living plants only. They can never be .
grown. on dead, artifcial food material. e.g. Rusts, powdery and downy
mildews. They are also called as “BIOTROPHS” NI

Ab) Faf:nltative saprophytes: These arc normally parasites but are capable of .
switching over as saprophytes ¢.g. Smuts.
- A¢) Facultative parasites: They are originally saprophytes but have the

| '.fgc?ulty or ability to betome parasites when come in contact with the
- vliving host plants under favourable environmental conditions e¢.g. Pythium,

Fusarium etc.
o A wil
. | Dwm‘:.w&- Oat‘) i
Depeding upon. the nature of parasitism with the host plant, mycelium is |
either ‘ectophytic or endophytic’.

| ~Lctophytic: : Mycelium growing on the surface of the substrate and
- deriving nutrition from epidermal calls through haustaria e.g. powdery mildew-

fungi. :
Endophytic: Mycelium growing inside the host tissues. .

Mycelium growing in between the cells e.g. Rust
fungi. '

Al Intercellular mycelium :

+2. Intracellular mycelium: Mycelium growing within the host cells e. g.
‘ smut fungi.

...3. Vascular mycelium : Mycelium growing in the vascular tissues of the
| plants is called vascular mycelium e.g. Fusarturn

$pp. Causing wilts.

Haﬁstoria: Ectophytic and intercellular mycelium obtain their nourishment
from host cells through haustoria." Haustdrium is a specialised fungous

structure used in absorbing food’.'
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OO ARPERUATION OF PLANT PATHOGENS

i .t that induces a disease,

oren is defined as an cntity or any ag(‘,qt

The tclx)-:::l;nﬁhogcn in generally used to denote living orgsmisxz.mg‘ticpgna?;
disease caused by pathogens are contagious. In order to ccorF e s
diseased in a field, particles or propagules of thg pathogen must rc : hes

lants and establish new infecton. These particles arc.callcd' the in mr:’.
fnoculum is the portiori of any pathgen capable of being dxs:scmmatd an
potentially capable of initiating infection of the disease. The inoculum may
consist of virus particles, bacterial cells, mycélial threads, spores, sclerotia,
nematodes or any type of propagule. . .

. al of the pathogen in different forms in the

Perpetuation: means surviv . '
absence of the. main host or under unfavorable qonditions of environment.

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

g The survival of pathogens can be grouped as:
. e Rl e sy )\\31"'11\'17_3__"‘:‘1_,
2y SwE ATk
M i @ n

2. Saprophytic survival outide the host ’g e, 090 Jlled Planr
prop yt ) r ',';\e)r_ﬂﬂl—' ﬁ(o\%c{,(y,_J hof)t

1. Infected host as a reservoir of inoculum

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

The initial infection that occurs from these sources in the cfop is

‘Prim ary infection’ and the propagules that cause the primary infection are .
called as primary inoculum. After this infection, the spores or other.
structures produced, are the sources of ‘8econdary infection’ spreading the

disease in the field.

. The primary inoculum may be brought by wind or through seed, tuber
or soil. After the primary infection, the fungus produces spores on host parts
and these spores are disseminated by wind, water or other agencies’ and
cause new infection in healthy crops. This is secondary infection. The

brimary infection, thus, initiates the disease and the s ' i
o ’ €_sec
spreads the discase;) ondary infection

L PInolc_:u.lum may originate frorp a few diseased pants or from many. The
i 2u ;imcg:;;m may occur in the same location as a population on
N cptible plants or may be located else where. The incolum may be

o e 5
Produced within the plant at the host surface, on the plant refuse or.on

| organk.: matter in §oll, deperiding upon the nature of the pathogen,

oil, on weeds, or on alternate or
specified crop. Inoculum may also be

InoCulum that is a threat to a crop © and constitute a  reservoir of
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It is important. to know as to how the
microorgnisms lead their life when the hosts are
of a plant pathogenic fungus has two stages 1.
2. Perfect (Sexual) stage.

parasitic fungi and othe r
absent. The typical life cycl<e
Imperfect (ascxual) stage ancd

/

I.. The fungal pathpgcn &nters the host, cstablishés parasitic rclaiionship
either as cctophytxc or ondophytic mycelia and at maturity, gives rise to
condjophores which bear conidia. This is an asexual stage which "may b

repeated again and again under favourable cdﬁmm%rcscnﬁng dctive
parasitic phase. ' 7

1. With the. onest of summer .in . tropics or winter in temperate zones, the

pathogen initiates the resting phase with' formation. of sex organs which fus<
to.prodpce sexual spores- which is the:petfect or sexual stage. This sexual
stag(;: s usually helpful: in' tiding over the fungus under unfdvprable
conditions{® - " '

Some fungi produce resting vegetative bodies such as sclerotia and
Chh.unydospores . @n return of the favorable conditions or season, these
bodies or sexual spores resume activities and . carry on the parasitic life
cycle. | -

Various metheds and devices are adepted by the pathegens t6 enable
them te perpetuate themselves under adverse conditions. Knewledge of this

aspect aids in timely and successful control of the diseases.

)
g

. Perpetuation of Plant pathogens as - - -

I.Facultatism: Several parasitic fungi developed the ability to modify their
mode of life as ‘saprophytes’. Pathogens Ilike Pythium, Fisariumz,
Phytophthora, Cercospora and others survive in soil. These fungi-are
normally saprophytes but resume parasitic' activities under -favourable
conditions. They survve in the form of spores or mycelium in the soil. The
soil is a reservoir of inoculum of soil borne pathogens e.g. Vascular wil t
pathogens (Fu.ﬁgjrium),' root rot pathogens (Rhizoctonia), etc.

. c" ) .
" Spores ofcccrtain “smuts remain attached to the_seed surface (graira
smiut of Jowar) while few remain in soil and debris. ( Head smut of Jowar-,

sugarcane smut etc.] gz ;;‘.o;? ESP’

Bacterial pathogens such as Pse%dor.nonas solanacearum (Brownl. or riq =
tot of Potato)', and Xanthomonas campestns (Black rot of Cabbage) survive ir?
seed material and in plant debris in soil. W _

_2]i) Perpetnation by persistant mycellum{ some fungi like :’ﬁgl{:z};}nu&r)a’
infestans (late blight of potato) Phytophthora urecae (Koleroga : )
Celloetotrichum falcatum (Red rot of Sugarcane), Fusanum oxy

/ e e e

'

———



~ pathogens are carried inte

32

bense (Banana wilt) etc. persist in dormant mycelial condition on perreniaj
e “host B . A Lt ‘ .
parts of the host. fg\\-)""a‘(‘“’ - /=

propagative parts: Virus

Potato viruses, sugarcanc

es. like Bunchy top of Banang,
viruses persist in vegetative

- 2(1) Perpetuation in
Chlorosis of Banana,

3. f’apetuaﬂon by dormant niyr’:elinm in seed: In certain cases the
S are ally in the seed and their plant parts in the form

of dormant mycelium. In [loose sm eal (Ustilagonuda tritici), Bean
anthracnose (Colletotrichum  lindemuthianum), powdery mildew of Pea
mosaic of

(Erysiphe polygoni), the mycelium_perpetuates within the seed. In
beans; the virus is carried in the seed. ‘ N . T

_A.Perpatnation 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 fu

scelerotia of ergot disease). '
f

siformis, (Ergot of Bajra

5. Perpetﬁation on other hosts: ‘Collateal or al.ternéte’ hosts help in the

perpetuation of certain pathogens.

Collateral or complementory kosts: In this 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 perpetuate 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. = ——

i.

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 ¢ycle of the
pathogen, is called’ alternate host’. The phenomenon of réquiring two
unrelated species of host for completion of life cycle of certain parasitic
fungi is called as Heteroecism ¢.g. Puccinia graminis tritici (Black stem
r'ust of wheat) is heteroecious having Barberry gs alternate host. Where

as ‘Autoecism’ is the phenomonon when ‘the polymoroptic fungus

completes its life cycle on th ; ' : :
I ‘l)]. : e_same hot e.g. Lmsged rust (Melampsora

L | o | .
p i’;;g%;mtlog by rcsist;agt,' spores: Downy mildew fungi,. Albugo -
g ét‘u.t(yvhge rusf), smuts, bunts, rust mngi,' powdery.' mildews
tellc:% tosioeres y; éczessistant' spores like opspores, chlamydospores,

{ Oor . Ol' $ ‘ Al y ) ) . .
VST o p%d% ‘. es in asci ‘ctc. These Spores survive and remain

ii.
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Polymorphism: An organism having severdl (Many) spore-forms (more
than two) in the life cycle is called ptlymerphic and the phenomenon of -
several spore forms by an organism is called Polymorphism’ e.g. 2
typical rust fungus has got five sporc forms wviz. ™ Pycniospor es,”
acciospores, uredospores, teleutospores and basidiospores. Fusarium
sp. have macro conidia micro-condition and chlamydospores. |

polymorphic fungi can adopt rigorous condi

~ Polymorphism 'maintains infection chain and persistence of
mycelium through periods of droughts, dessication and freezing The

tions and can have moJc

successful life freec from uncertainty and risk involved in monomorphic
fungi. Ce

8. Physiologic specialization: Fungi which are capable of attacking
several different species of plant, develop many
These -forms are -morphologically similar- but . differ greatly in their

ck different hosts.A number of

physiology and or in their ability to atta
sub-species or biologic .strains. of
‘. slightly in’ morphology but greatly

species of the "hosts,

specialization’.

S S

parasitism in cereal rust fungus.

"~ Schroeter (1879).

the phenomenon’

a fungus wh
differ in. the ability to attack different
is called ‘Physlologic

distinct forms or races.

ich are similar or . differ

for the first time noted varying .dcgreeézof

.-However,

son 1894 gave a very

convincing experimental demonstration of this phenomenon in Puccing

LR

““Puccinia grdminis is divided into seven:sub-

inis.. He termed these parasitic' sub-specie

s as formae speciales’

species attacking a particular

“host.
¥lost specialization in Puccinia griminis:
i
Elost (s) ’
Wheat Barley Oat Rye Agrostidis sp.
Wheat + + - - -
Barley + + - - -
HEPS
Oat - - + - -
Rye T |- - : : :
Agrostidis | - - - - +
Sp. - :
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On the basis of the above results several physiologic forms or sub-species of

Puccinia graminis are recognised: as
Puccinia graminis f. tritici On Wheat and Barley.

' Puccinia graminis f. avenae on Oat

Puccinia graminis f.sécaiis On Rye

Puccinia gmmiiu'.é\ I p‘oae On Poae sp (Grass) |

Puecinia gramzrus f qgfosﬁdi's On Agrbsticiis grass

Puocihi_a granﬁnis J.agropyri on efgropyron grass |

Puccinia graminis f. airae on aria grass. o

Each of the strains or S'ub-vvsp'ecies are .made of Physiologic races

which differ in parasitism on various agronomic varities of the same host.
These varieties differentiating the races are known as ‘differential hosts’

Specialisation of parasitism is of an extreme type rfow dmown as -
Physiologic race’ or Physillogic form’ or Biotype’ has been-demonstrated
by StaYkman arf'his co-workers (1917 onwards) at the University of Minnesota
in Puccinia graminis and other rust fungi. S :
graminis. Now nearly 300

Stakamn and.others: ( 1918) noted many races in P.
wheat and of which mf:arly

races amd their biotypes are known in Black rust of
20 are known in India. .
Accordimng to the agency bringing about the spread, in general, diseases-in

pants are groped as ------ K
1. Soil borne,
2. Seed bormne,

3. Air borne and

4. Insect borne

1. Boil brorne diseases: Are those, whose pathogens survive in soil for varying
periods. Although, mostly these pathogens attack seeds, seedlings, and
Toots, etc. Soil is a reservoir of inoculum of soil borne pathogens. In soil
borne diseases, the inoculum perpetuates through dormant spores and
througgh other dormant structures in soil or il diseased pant debris in the
Svil. T'he diseases such as wilts, root rots, foot rots, seedling blights belong

to this category. ’
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2. Seed borne diseases - ‘
seced or vegetatively -rArc those, whose pathogens arc carried on or in
perpetuate .as dorman ;)f_agg.tcd parts used as- seed. The pa’-tﬁogf?l'18
Mmycelium in the infected embryos. Some viruses

“are carried through inf;
ecled embryos of true sced or in the vegetatively

ropagated par .
ffsnp_@_gmgpgis cz Csaltcsl'i'ndlsleases are known as internally sced borne ¢. g.
_through spores on seed cba(l)tosii S-m}” of wheat whil¢ the pathogen carricd
J; oo i » 1L 1S kniown: o
.S‘phqeoelo‘thecq.;,org;‘u causing Grain smut 0??0$cmﬂy gsced borne C. £

3. Air burn Diseases' : Avcs ir.. o ' :
disseminated . t:::lfgh i Are those whose pathogéns are primarlly
road e o - wind currents and arc capable. of - long “distance

.‘ W pate ' wh .
opread...g. The rusts of-wheat, blast or rice, koleroga, of ar¢_canut, dovmy

and Powdery mildews of grapes:and otfier crops.

4. m;t: bprr}; diseases : Are mostly of virus origin. Viruﬁ:s are highly
Lious anc are mostly carried through agency of insects, mostly the
st_xckmg types. The insect vectors are mostly leaf hoppers, aphids, white
Alies, thrips, beetles or other chewing insects. After the virus is acquired
| by its ms;gt vector feeding on diseased plant, it may persist in the insect,
whe're as in-these instances, the virus-vector relationship is ephemeral
lasting for a very short time or nonpersistant,:

.. ... INFECTION AND PENETRATION.

vy [Iufectibn'consists of actual entry i.e. invasion of the pathogen_inta the
* T ————"T" e _q0°) ‘- X7 . B somimstrip int PP ‘e e o .
host, its multiplication and establishment i.e. its stable parasitic relationship
‘within or upon the host body.1 LT T T

The Phenomenon of infection can be studied under the head as

1. Mechanism of infectiori: Various processes by means infection is
establishéed ' )

2, Avenucs of infection i.e. pchetration (Actual entry of pathogen)

1.Mechanism of infection: The machani.sm 9[ .infectiop differs accoring to
the nature of the pathogen. The machanism is active in case of fungi and
flowering pardsites. It is aggressive type in these cases while it is passt

type in bacteria-and viruses. __ ot

the pathogen has to reach the host, and develop
- After the pathogen comes in contact with the
etration‘is concerned with spore germination ora

s host SRITACE. . ' isture and is stimulated
thé h face. The spore lodges in a drop of mois ulated to
gcrrhi(;usgtzlablyatqeccrétion‘s"%f ‘the host. “The.germ tube grows into the direction of
host ‘surface and attaches it self to the host surface firmly by special

~In order to gain entry,
active growth-on its sufface.
host, the eatlier phase of pen
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The appresoria give rise to one or, more

or hyphae which ‘directly pierce the

r
structures known as ‘appuesoira’.
The process is mechanical and n ot

thin finely pomted infection threads
cutlcle and gain entry into the interior.

chemical.
"The mfcctlon hyphae meet with the epcxdcrmal wall,s consisting mainly
s and gain

of cellulose and secrete enzymes which dissolve the cell
further entry into the epidermal cells and deeper into the host tissues by 1t3'

enzymatic activities. Thusj the process is chcrmca] in 1ater stage.

| When there is direct contact of mfectxon hyphac and thcxr cnzymatlc
‘activities, the contents of the hot cells under™ :{ rapid dcgcncratJon

‘plasmolysis of the cytoplasm and nucleus sets in causing ultimately injury to
and disfiguration of invaded tissues. The infection process is thus complctcl}'
by .establishment of close relatlonshlp betweén the’ pathgcn and the host

_through the help of hanstoria

‘ Pa:asitism is the phcnomenon .of growth of one orga.msrn, at the
expence for other, Parasitism is accompanied in 2 ways:

. Destructlon of host cells and

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

In the phanerogamic parsites like Loranthus, the proccss 1s 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 pcrsxsts from year to year.

In Bacteria: The.process of infection in bacterial 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, nectaries and stigma ends.

In Viruses: In the plant viruses, the mechanism of infection is quite different.
The viruses are highly infectious and filterable in nature and find their way
through the sucking insects, which actually inject the virus into the host
tisses 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.

2, Avenmes of infection i.e. Penetratlon' After studymg the mcchamsm of .
infection., it brings us the conmderatmn of the next process., e.g.. avenues. of
the -penestration or the actual manner of entry of the pathogens into their
hosts. pPenetration may take placc through scvcral avenues depending upon

the hatuxe of the paras1tes
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g
’ o
q Avenues of ifxfcct.lon (Penct:ration)'
| ]
I. Direct Il Indirect
| | .
1. Natural openings 2. Artificial operungs
i)Stomata - 1. Wounds .

- fi)Lenticels | 2.Stalk ends
iii) Hydathodes 3.Insect injury!

1. Cutinised surface

" {)Epidermis
2. Non-cutinised surface
Root hairs
Seedlings
Needle points
Nectaries
Buds
Stigma ends
Anthers

SRR~

1. ,. .Dirct penetration:
1.. éﬁthicseﬂ- surface-

i)Through epidermis: (Rusts, Powery mildews and Anthranose fung,i). Th.c )
basidiospores in rust fungi penctrate the host directly while the dikaryotic
spores (uredospores) invariably penetrate through the stomata.

There érc, however, several plant tissucs which have no such cuticular

defence line and make way for pathogen which use these organs as passage
for migration into the deep seated tissues.

2. Non-cutinised surface-

1. Root hairs: As the roo,t hairs are non-cutinised, they make an easy way for
the parasites to enter through thcn). Several.soil-b‘omc l?actcﬁs}l-
Iiathogcn's_and many root rotting fungi c.g. Fusanum wilt, R}uzoctoma
bataticola. o . L

2. Seedlings: jt is known as systemic infection. Pathogen in such cases is
carried on seed coat or comes in contact with germinating seed in soil.
Infection of the young succulent tissue through hypocot_\fl occurs at the
time of emergence of scedling and symptoms arc exhibited in above ground _
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part e.g. D.M. at seedling stage or sometime at flowering stage ¢€.g. Bumxt

and smut. - =

3. Needle points: Infection tﬁfoﬁgh needle points is of special significance in
the blister rust of pines caused by Cronartium ribicole which uses these

” T L. .
points as avenues of entry for the basidiopores.

4.&5. Nectaries and Buds: These are favourable avenues for the infection in a
few cases because.of their non-cutinisjed siurface and sugary secretions, €.8
Venturia ‘iniqualis .causing .scab of Apples, Tdphrina deformans .(Peach leal
curl) and bacterium Erwinia amylovora causing fire blight of Apples.

6. & 7. Flower parts: Stigma and Anthers: The stigma ends of the flowers
are highly receptive organs for the entry of the pathogen because of their erect
positions and the sugary secretions given out by their heads. The sugary
secretions attract the flies and insets and infettion ‘takes place. .The fungus
or the. pathogen enters through the,succulent tissues of the stigma ¢-8. loose
Sm%!i,_il’ihcat (Ustilago tritici), Long smut, Ergot of Bajra (Clauiceps
fusiformmis), Bunt of Rice (Neovossia horrida). S

ave been demonstréted in blossom

| The penectrotion th_l‘O.L.lgh anthers h
blight of red clover caused by Botrytis anthophila.

II. INDIRECT FENETRATION

1. Entry through natural openings:
i) _Stomata: This is a very common mode of entry fo:_'glant" pathogens.
: The actual mechanism differs in different types of pathogens. The
penetration of baterial pathogens takes place through action of
a bsorption or suction and, therefore, passive in natue i.e. Xanthomonas

Q?,E malvacearum. '
Many fun

plants. Late blight of Potato, Downy mildew of
organisms and many leaf spotting fungi are common examples.

The uredospores of rusts infect primarily through the stomata
buit the basidiospores and the aeciospores make their entry directly

gi utilise the stomatal opening for entry into' their host
Grapes, white rust

3

thrrough cuticle.
l@l . Lenticels: (breathing pores): Entry through lenticels is similar to
. stomatal penetration and i$ usually common in diseases of vegetative
pauts - such as stems, tubers and root- crops, e.g. ‘Guavya_ canker:
_ (Pestalotia psidii), Koleroga of Arecanut (Phytophthora arecae). Common-

sc &b (Strepfomyces scabis), powdery scab (Spongospora subterrenae).




‘I; Hydath 9 A g

lij Hydathodes: Hydatheg,,: |
. ode

through them, “"‘hcnm‘crsthg-e Taler stomata ie. water is exuded

remain o 2
b pen the path
" “abbage (X anthomonas campesgtigi enter through

2. Entry throﬁgh artififica] openings —_

v

I S . - e | - |

H throtg;il sdf.:kS:'xds i ;n Hi_{r_pits retalning organisme gain entry
. ) ; 1 ue mou]d f l - - o« ) i

banana, Black rot of Pineapple. of lemons, ripe rots of mangoes and

St B g s i e T
e A ple i T Tot fungus (Sclerotinia fructicola), Injuries by
.- begs.o) wasp Wwhich 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. - =i - - ' ’ '
BT R The' insect transmission of _virus diseases is another classical
v example. The insect carrying and transmitting the virus is called Insect
. Vectar’./ . .

/-EN'VIRONHENT IN RELATION TO DISEASE b

DEVELOPMENT | E y
environmen actors prier to

Predisposition : Is the action of a set of
Penetration and’ infection which makes the plant vulnerable (unguarded) to

attacck. by the pathogen.
Environmental factors play dn important role in the development of
<liseases in plants. Weather is one of Lr‘u: most important fa.c§o:rs in the
<evelopment of the disease bccausle)e xt; dlI‘CC;l:V ;I:zgtsantl;e ‘f;:ggfsi 5fvtchr:
s L . . R - . - .. e .een IS s
Dattogep The close relaonsp s e were caed 1
Poathogens such as fungi and bactena, 1t was believed that weather was the
Eorimary cause of disease. The spontaneous appearance .of one or more
BPathogens in the lesions was regarded as the effect.
‘\/(orfe‘r to have disease outbreak to reach cpitphytotic propartions, three
‘Sonditions or requirements must be met smeg !A 'sojtrxremzo.;' inoculum must
usceptible plants must . |

te growing in the area,
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development

‘1 able for, the -
suitab . net, disease

b t bc
conditions mus ditions is. not

be present and (3) Weather . i B9
of Itbhc: pnth'oge'n. If any onc of the thre
development cannot occur.

Many weather factors-can co
and the host. Temperature and m
movement a close third. In addition, Y evelopinient.

: - evelo _
dew, soil moisture and light also influence the pathogen developreh | eacis
. 1e. the severtiy of disease out-

. If weather conditions are favourable, i lity i ected by
also determined by number of other factors. Hf)“»——sllg’—cﬁpﬁ.b‘glg ;;ﬁ the stage
the crop types, degree of resistance, general health an 's%u re may affect the
of developiment. Weather factors may interact e.g.»t'he m?‘ - o

temperature. o

-In general, no_one weather factor is involved 1n
development, but somewhat a combination of factors mus
the necessary regime for disease development.

Besides, the normal definition of the di .
equilibrium of the host in respect of the structure, physxolog'_s.{ or both atnhd
which may lead to the death of the plant or reduce the economic value of 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 development.of disease. Disease
‘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 influence |
‘the'incidence of disease byairborne 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. '

Environment coniprises of three nlzax.p factors :.

1. Meteorological : 1, Tetnpératufc ) Humidity 3. Precipitation
- 4. Tepegraphy 5. DPews 6. Light 7. Lightening and hail storms
8. Industrial by-products. ' )

Soll: 1. Soil temperature, 2. Soil Moisture 3. Soil condition ot texture

trc;l or affect the _rcaclti-on”of thq p:ritlt;og;iz;
a oisture are more 1m'pOrt£mtf i
the frequency and amount ol T ,

‘determining disease
t interact to provide

. ) .
sease ' as disturbances 1n the .

11,

Z 4, Soil-reaction 5. Deficiency or soil fertility. y

III.  Biological factors: 1. Insect fauna, 2. Soil flora, . i
I Meteorological factors :

1. Alr temperature: The influence of temperature on development of the
|+ (isease need.not.be the same as that of the host oy parasite. Conditions
A fa.v?urablc to one may he unfavourél’ﬂto the other. 'Pathé'g""gns differ in their
optmum  femperaturg for gro sporulation ‘and -infection. . Every
oz‘gax_‘usrr? has cardinal temperature, growth. The tempcrafurc determind the

- d Stribution of pathogenic fungi and the discases c%used by them.

~Black stem rust of wheat. (Puccinia graminis triticl) requires 21 to 26°C

and hence is generally prevalent in south India, LeAf rust ar, Brown mist of -

\ vk W’m% 1395, Popny cp g
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Wheat (Pt'lccinia graminis recondita) requires 15 to 21°C and hence is
S;:l;lc'dcntlu(; icnt{rg(l)(l{n;liu while, yellow or stripe rust (P, graminis striformis)
res 10 to 18°%C_i.e. cooler climate and hence | on i
. ] . » common in North
India. For d'c:\clopmcnt of late blight of Fotatp in ficldg the cardinal
temperature in Potato growing scason is optimum.

Typically the tropical diseases require high opti .
5 4 _~70 . |
temperate discases 18-22 °C temperature. Bh optimum (25-27°C) while the

8r. Disease . Minimuam Optimim | Maximum
No. _ temp. (°C) | temp. (°C) | tewmp (°C}
1, |LateblightofPotato | 12 . | 22 A
5. | Early blight of Potato | 12 25 35

3. |'Downy mildew of Grape. 12 22 : 30

4.. | Powdery mildews - 10 ¢ | 24 . 35

5. | Stem rust of wheat - . 15 . .' 25 , 33

2. Humidity : ‘Humidity is one 'of the most important factors ‘influencing the
furigus’ growth. - High - humidity ‘conditions help in germination and
reproduction -of fungi: Humidity may influence the rate of transpjration in
plants. It also favors the stomatal opening. High humidity in combination
with temperature has brought about epiphytotics. The koleroga disease is
more severe in heavy rainiall area. Similarly heavy rainfall is favourable for
bacterial blight, blast of add})and angular leaf spot of cotton. Cloudy
weather is conducive (helpful) to'rusts where as bright light reduces the
infection of rust but'is necegsary for condial production in powdery

ildews. Some powdety mildews can thrive under less hiunid conditions.

3 &4 Precipitation and Dows : Théy help in increasing the humidity -and
thus help in ‘germination of spores and infection of diseases. These factors,
in combination with the temperature,bring about epiphytotics of disecases
like ’kql:aaga of arecanut, Downy mildew of Grapes, Blasts, Alternana
blights, rlists gtc. |

Karnal bunt of wheat caused by Neovossia indica develops best when
rains. are there at the time of flowering with low temperature (15~.0°C).
Coffee rust (Hemilea vastatrics)is influenced by rain and humidity.

5. Topography : The rusts of wheat are influenced by air temperature and
ultimately the distribution depends upon the topography.

8r. Disease Region Air Temp. | Gver Summers
No. 4 (°C) at """
1. |Stemrast - .- - Seuth Indja | 21-27. [4,006 R. abeve
L "yt o : e . 3 .sealevel
2. | Leaf rust &1 Brown rust | Central India 16-21 | 5,000 ft. abeve
- e - e 2 gea level. .
3. | Yellow rust - Nerth India 10-18 |.7,0090 ft. above
dw s v, : o 1 sea level
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i difficult to
i i wwh important, has been - '
e from the i P enee | fﬂ?;%fr climatjc factors. Powdery mildew

separate from the influence 0 il - oy arc IMore
'palzhogcns germinate better in light but .c(,ologlcally thy_

prevalent in shady Tocalities. . _
al fumes: They are also

: i

& 8. Lightening, Hail storms and Industr ; o arid
responsible and ofspecial significance in areas S’Fuatefl n;ir hti:hly toxic
industries. Fumes like S02,HCL, Chiorine and fluorine ete. 8¢ B8 ]
to the delicate foliage and blossoms. Lightening and hgll-sto .

crop-injuries.

}1/8611 factors : ' : _ o
. s In several soil or seed-borme diseases sail environment

1. 8oil temperature

]
e

¢

|
K]

influences the incidence of the disease. Soil temperature acts di}"?"ﬂY on- |
the host in some cases and also the pathogen in other cases a:nd 1.ncn:.ascs '
the disease development. This factor acts on the host, Wh}Ch 13 hlgh]g;
susceptible to the ever changing micro-climate of the soil. A gener

retardation in the growth of the host brings-in greater opportunities for tl.-;c
attack. of the pathogens and higher incidence of the disease: Disease 13,
thus, a race between two opposing forces, the host and the pathogen, the
one trying to overtake the other. ' ' y '

Low temperature at the time of wheat sowing is responsible fot
wI\{(eat as 10-159C is favourable for bunt-spore germination.

Soil moisture : Several damping-off fungi become severe in high soil-
moisture. Since zoospores of Phuyfophthora and pythium are more active
in presence of abundant water because of their repid dispersal) On the
other hand))flag smut of Wheat and Scab of potato are favoured relatively
at low soil moisture level. Flag smut in Punjab is more severe in moderate
soil moisture level. High soil moisture has been found to favour the
bacterial diseases : (Wet rot of potato) and the virug disease (Big vein of
Lettuce), Panama wilt has been found to be severe at 28% soil moisture
and decreasé with increase in soil moisture content. Head smut of jowar is
more severe at low soil moisture. Many non-parasitic diseases like-

blossom end-rot of tomato, corky spot of apple, mango and other fruits are
variously influenced by soil conditions, with special reference to water
relatdons. ,

Bo.l.l condition or Texture : Heavy soils retain more moisture while light
soils rxetain less moisture. Nature of the soil affects the disease
df:\(elopment. Heavy soils with poor drainage are morg prone to cause rpot
disecases. - | ) : |

bunt of

8011 reaction : The growth of the organisms may be inhibited or prevented
'n too acidic or too alkaline media and so is the case in the soils, PH 5.t0 6

(i.e. acidic) is most favourable.for most of the funei' whi

| 1cidic ) . gl. while bacteria and.
Javoured in alkaline medium (above' 7.5 PH). The best examples arc,_ﬂ:%
scab  of potato and club root of cabbage. (Alkaline soil favourus

development of scab (Streptomyces scabis) whils - . ‘
) : ule ‘club-
(Plasmodiophora brassicae) is favoured in aci)dic soil oot of Cabbagc
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5. Soll Torttity oV D‘nf!olunulnn ! Uener
aucculent growth, tsayes bee nerally o

- ome sof)
:l\h‘“,fi‘m'lc to the (Haenne, While I‘Ull\'l and pithy and maken the planty
the resistance or immunyj \whonnd

‘ |'h““|1|N\H(‘ mnnuren iney
. Y in planta en increase
sofl fertility in direct in Pn e of 1\'lnpl ngainnt the pathogena, e effect of

. In_soil, deficiency of Home: minor ele

favoug the developmeont of (lc-ﬁ(:ivnv / lnermes
chlorosis of sugnreane ang lcinﬁh{f
cotton s belived to be due to de
like Mg, '

111, Blological factors :

1. Inscot ‘fmmn: Insect fauna and soil mic
many viruas and other d

N Sty ik [ » .
carrying the viras infecti

Xeenn of nitrogen caunen the

nta like Zn, Fe, Mn, Boron
Uinennes auch nn mottle leaf of citnis,
disense of paddy, Red lenf blight ef
fliciency of N, P and other minor clementa

ro-florn are very important in
Iseases. The jnocotn: are mainly responsible for
P iruncts on .un(l, therefore, the distribution and population
0 3 determines the severity of these diseasc®e.g. Aphids mostly carry

mosaic viruses, Jassids transmit yellows types, white flies transmit curls;
and thnpp spread ring spots elc.

Some fungal and bacterial diseases are also transmitted by insects e.g.

Citrus canker by leaf miner, Dutch eclm disease by beetles, Mango
malformnation by mites etc.

2. Boil flora: Soil population comprises of fungi, Dbacteria, worms
(Nematodes) which are either saprophytes or parasites. They influence the
© incidence of the diseages. ‘

‘ ,Some soil fungi aj:t'as antagonists (qpponcnts) and do not allow the
pathogen to grow. Rhizobium, Azotobacter fix the nitrogen and help in
better stand of the crop. -

¢§ojls which are known to harbour the pathogenic organisms are
known as ‘Sick soils’. The sick soils becanie unfit Acultivntic‘m of certain
crops.

Ng"
cl/')\q\';"‘(\\ W

//DISBEMILATION OF PLANT PATHOGENS

Lpiageininaﬁon means Asprca@ Many plant pathogens multiply with
repidity and produce large number of spores in small space and within short
time and have highly efficient methods of spore libération. Some Kinds of
Inoculum of the pathogens remain viable for a long time. The timely and wide
spread disscmination of the pathogens Is important i causing cpiphytotics -
Scascnal variations in dissemination may affect disease development in &
Single season only. Disscm'inayfon of inoculum.may be local, di_scoltim_lous or

-rapid and contifivous. “ T |
S ———

All parasitic diseases are transmissible i.c. they are infectious with® ar3
ability to spread. The transmission may be continuous or discontinuous-

’ art to
ntinuous relates to the spread in a geographical unit from one part

»
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ity to locali
another part of the same_host, host to host, field to ﬁelcrlsoi‘ofgaggmncég_ c.lg
closely connected geographically. This ultimately cove
Black stemSrust of wheat. ‘ -
. missi d usually es
Discontinnous refers to long jump U'ansnnsflosfilc::ﬁb .rs such as
place between two geographical units separ rated by physical.Ban =

~oceans. : .
' : \Ci ledge of
Dissemination may be effected through various agcngtzzleinn(:iwe ﬂ‘cgt:ive
dissemination of plant pathogens is essential to evolve sul
control measures.

~Agencies of Dissemination

. / Continuous dissemination: ; Anim
_Autonomous 2) Natural agéncies like air ‘or m.nd‘_ 5) et 4)10 sﬁ'
S) Birds 6) Insects 7) ‘Nematodes 8) Mites 9) Agril. implements 10)

11) Seed
Discontiuous dissemination(Long distance disseminatyion): 1) Man

(Short - distance  dissemination)

I. Continuous (Short Distance) dissemination:

1. 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. (Armillaria, Polyporus, Ganodemta,
Fomes). Some inoculum (the Zoospores and many bacteria) is motile in
water and can swim ever short distancesod  Shasueeo. beo¥s @ 3

?. Anemochory or Wind: This is the most common and efficient means of
/ - disseminaticn of air-borne diseases. The fungi have devices for easy .
dischiarge of spores and are disseminated by air or wind. The transfer of

inocuilum can be rapid.

Spores of Downy mildew, Powdery mildew, aeciospores, and
basidiospores of rust fungi are unable to withstand long distances. Spores
of blast and uredospores of rust are well adopted for long distance travel in
viable condition and are responsible for epiphytotics. Resistant inoculum
can  withstand during long distance .dissemination through air.
Uredospores of Puccinia graminis tritici can spread north ward from
Northern Mexico into Canada through the U.S.A. at least 3200 km in as
little as 2 months. Similarly, ‘the rust uredosporFs reach Msharashtra
"from Nilgiri Hills in Tamilnadu through air. o |

3 the;: Water serves an agency in dissemination‘in two wajs:; by rurfing
water as a result of heavy showers and irrigation. Water Moulds, white
Tust and some Downy mildews produce motile spores and they migrate by
the action of their flagella. @) backeria) Qiscsge eg. Qndac

Tpot of
oy Yo

“
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Flood or irripat; ?
‘ gation
water carry many fungi from field to field or froma

one plac@ to anoth ,
rolfsti, Fusaridm, R;Li'cgt'oqo”eto,rﬁc’wm falcatum, Sclerotium oryzae, S-
na apd seeds of striga, orobanche, cuscuta ctc.

The dropping of mo
transport sporcs,frgorn ],:n Oisture from ‘heavy dews, splashing-rain may’

and downy mildew fllngi;'af or plant to adjustment plant e.g.. Phytophara
4‘ Animals Th : f I Backodol @53 — _¥ v ~odvosaosu®
;5> pathogens ‘wflichiai-e m als pldy some role in dissemination of plant
& which"'may'bé"carriéd b ostly. soil’ borne e.g.- Sclerotia "and rhizomorphs
+8  cari also be carr y adhering to the legs of animals. The smut fungi’
\39 & cniraals. Rty ed from field to field through alimentary canal of farm
/. ‘:,,_  Pe,dﬁv(& 3 Qmuut A porad a I, Po&%d&nb .
/"5- flg(ththth? mode of disseinination’ occurs in a few specific cases.. Birds
’, o cl e diseased plant and get contaminated by spores. They transmit
\_ . spores to -healthy, plants e,g, Chestnut blight (Endotheca parasitica)
and seeds of Loranthus. Bifds are also'known to carry Cleistothecia Of
Powdery mildew. . ’ ' - —_—

- 6. Insects: Insects plany a specific_role in the transmissionof virus and

mycoplasma diseases of plants. Insects act as specific vectors. Depending

L, L3 0

on the virus, the insect vectora are leaf hoppers, aphids, white flies, thrips
- etc. S T ) |

' Insects also carty fungl externally or internally, Insects are attracted
to sweet anid honey’ secretions of fungi when they produce cpnidia,-oidia
_and sepermatia. Spores of ergot disease and spermatia of Puccina graminis

-} are transmitted externally by insects.

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

7 Nematodes: Some nemat odes transmit some viral, bacterial and fungal
diseases.. The Xiphinema, Longidorus, Trichodorus species of nematodes att
as vcctors,vl\(ematodg;‘, transmitted Polvhedra]_virus particles (NEPO) are
tobacco ring Spot, Tomato ring spot, Arabic mosaic, Cherry leaf roll, etc.
While Jematode Transmitted Viruses with tubular particles (NETU) are

Tobacco rattle, Pea eafly browning.
The NETU viruses are transmitted by the species of Trycodorus. Similarly”,

in bacterial diseases (Ear-ot of wheal) Yellow car-rot (Tundu) of wheat, the
bacterium Corynebacterium tritici is transmitted through the ear cockle
nematodes (Anguind trmaL : : :

8. Seed: The seed and vegetative propdgating parts may carry internally the
fungi (Mycelium and spores) or spores mixed with seed. Some fungi are

‘carried on external surface of the seed. é.g. Sphacelothea sorghi; Ustilago
it Collototrichum . lindemuthianum, -~ Colletotrichun . falcaturr,
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Phytophthora infestans, Claviceps purpurea, Claviceps fusiformis, and seeds.
of Cuscuta it Lucerne seeda. ' .
9. Agricultural opeiatgqna: Plant pathogens may be tranemitted by
Ooperations like ploughing, transplanting, watering, prunning, cutting ctc, -
©.8. discases of potato, Tomato, Sugarcane. “TFone.cO

; ) J v )
10. Soil, Cdmpqst and man gre: By transport of these materials, fungi may
be introd P

uced into new area. Infected soils ‘may reach other fields in
- various ways as on feet of farm w

orkers, or on agricultural implemtns.
11.Man: man is an important agent in dissemination of plant pathogens.
Due to export and import of geed, arnamental plants, tubers, fruits,
Cuttings, sctts the spred of plant diseases are brought about e.g. late blight
of ‘Potato, Citrusg Canker. h | M A | |
V) Tueql Cogen Svgamo bast. € - AW

— . Transmission of Plunt Pathology through man
Plant pathogen(a) Transmitted Year
~ " From - To

P.M. Group . |U.S.A. Europe L 1845
D. M. Group ' U.S.A. France | _ 11878
late Blight Pathogen USA. Burope ___|18s5
\ate blight Pathogen Europe Indja 1870
Synchytrium endobioticum | Europe U.S.A. . . 1918
Puicielaz 26 - |South-EastiAsia - |Madras (Indin) | 1918
Blast of paddy} - . - . '

PrRnama disease of banana | Panama Canal _| Bombay State (India) | 1920
Yanthomonas citri (Citus | Asia | USA - . 1907

~ Cenker) ' .

%Qc}xy top of Banana Ceylon (Sri Lanka) |India

Yirus) & " ' |

8ot of Bajra Africa Bombay State (India) | 1957

Many discases caused by fungi, bat:tc:ia, Nematodes, viruses flowering
" Plant parasities have been introduced in new regiona thro

ugh the gency of
Man e.g. Chestmut blight, citrus canker, pine rust, Dutch elm disease,
pPowdery mildew of grapes, maize rust, | o , .

o EPIDBMIOLOGY - o |

Je |Epidemiology i eq ith outbreaks and, spread _of ‘dissase in a
Lopulation. |[Epidemiology or epiphytology of plant diseases is essenfially &
study of the rate of multiplica

tion or a_pathogen which determines its capacity
to Spread a disease in a plant population. :
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\Q Compound Interest Diileasca

In such diseases the rate ,
-ompound interest in monc;.te’l’t?i “ll‘(tl;”cn;,c is mathematically analogous to
-ate. These spores are dissc:min:—xtmli1 B):()xg‘trfdpr£)(ltl('c” spores at'a very .mfplf:
other plants. The incubation perioq and 'PId means such as air. They In “:
inoculation and sporulation) s g ¥ oAt ion peripd jperiact BESEC
gisseminated and the cycle js yonemr s NCY CrOP of spores ls producecl,

erations of the path . pc.:atcd. 'D\erc are, thus, scveral or many
genet pathogen in the life of the'crop. Since the susceptible host
area 18 ﬁ:e]d; db)’ ].the acreage under the crop, an;o\.mt of ux{lnféctcd tissucs
C?I;n?;cii“ ?n) tegcnlspzf‘ e t,h-e Spread of the disease continues so that the ratce
of Sp £ air di Ol new infections also decreases. Pathogens sprcading by .
means 0 au"d.\sscpmatcd Propagules, such as rusts of cereals and Jate blight
M.g, show this type of spread. However, the spread is continuous only if
the environment remains continuously favourable.for spread, -infection and
discase development. . '

As an example of compound interest diseases the nature of spread of stexn
rust of wheat (puccinia graminis tritici) can be considered. In India, this rust
does not have a local source of primary inoculum. It survives on alternate Or
collateral hosts in the form of active pustules of uredospores at remote plactS-
These spores are brought by wind to the main crop. In the beginning only few
pustules of rust develop in the crop. Each pustule is capable of produc.ing
rouighly SO to 400 thousand of uredospores.which. are disseminated by wind
to-other plants. Theoretically, the same number of the infections can be
caused in" the crop. Each new infection is capable of developing into a spore.
bearing 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 could 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

intérest in money. There is only one generation of 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
field are from the pre-existing inoculum in the soil. The simple interest
diseases are exemplified by such soil borne fungi.as causing wilt and root rotss
and seed- borre smuts such as loose smut of wheat, covered smut of barley,
sorghum, etc. In the wilt discasc there may be very slow secondary spread if
the pathogen'can sporulate on the host, surface and other plants are in a
Position to be attacked. Normally it does not happen.since the.fungal
Propagules have to pass through- the barrier of. soil to reach the roots and
* most propagules are lost during.this passage,-ln -_As.m_uts,_. there is infection at

seeding stage but-the pathogen:mostly :sporulates in the: inflorescence. These

disdases are mostly systemic in nature, do not produce propagules external to
the host diuring the active season, and the dispersal of propagules is restricted .

by climatic and biotic conditions.
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Essential Conditions for an Bpipbytat = %c"l?c‘)mn g conditions are necessary .
For establishment of an epiphytoti the 10 .

‘ the pathogen and the
These conditions are concerned Wwith the.host, the

2

environment.( 0 91 \'OC Fok urce of primary
le plants from the so =
i) nce_of susceptible p s initiated by the priman™

noculum: The disease in an area 1
inoculum surviving at some source. Longer
source of survival of the pathogen longg{yl:qucm
for build up of epiphytotic in 8 suscep X o 13
in different direction the density of primary moculumllst: ;lratccg
and as the distance increases fewer propagules are Likely on
the susceptible surface. This can occur in the same ficld, among
different fields and in a larger area of the country. .

il) Abundance and distribution of suceptible hosts: Continuous
cultdvation of a susceptible variety in a given arca, large arcas
under a similar susceptible variety, and distribution of the variety
over large contiguous areas help in build up of inoculum and
improve the chances of epiphytotics. Under these conditions the
pathogen is able to use maximum number of its pfopagulcs
effectively, increase the rate of multiplication many times and
repeat the disease cycle quickly: . .

iii) Disease proneness in the host due to environments @
Susceptibility ia genetically controlled but proneness in the plant
to get infected can be induced by environments and other factors.
When such conditions exst the host is liable to more vigorous
attack and successful infection by the pathogen. A:susceptible
variety becomes more susceptible and even a moderately resistant
variety mey tend towards susceptibility when conditions’
favouring proneness are prevalent. Under these conditions the

° pathogen has better chances of multiplying, causing infection and

effectively use its propagules [dr secondary spread.

iwv) Presence of suitable alternate or collateral hosts: This is

required only for those pathogens which survive and multiply on
wild hgsts during absence of the cultivated host. Faor pathogens
spreading through heterogenous infection chain presencs of an
alternate host is necessary for providing primary ithocylum. The
amount of inoculum thus available will determine the intensity of
primary infection and subsequent spread. Presence of collateral
hosts plays the same role:for pathogens of homogenous or
continuous infection chain. Grass hosts of sclerospora. sacchar,
Sclerospora philippinensis (sugarcane smut), Pyricularia ~0tyzaQ
(rice blast) may produce abundance of inpculum aiding in build
:f'e of epiphytotics of these disedses. _
v}  Presence of aggressive lzolate of the n: Onlv i
diseases can take the form of epiph Pﬁi‘hqup._On}y n:nfcctjox.}s
. A Cpiphytotics, For any epiphytotic
repid cycle of infection is essential and successful infection can
be caused only by aggressive isqlates of the pathogen,

Adevnade oot "me\ovg'w_\g o A \fﬁ‘l—ﬁl\m'ﬂy
Qg}- f?\,\\ &\* - wkea)- [E“..C_ ¢.3;;‘\q ’5:0_’;)"\53’ T
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vi) High birth rq¢
¢ of thoe ;

diacagca the high bh‘u‘:"u\ﬂgon: Among animate cauney of plant
contributory factor oy rate of the pathogen fs an import:mt
cpiphytotic  fopm invag epiphytotics, The fungl that assume
CNOrmous quanti ofg‘ ’-‘b.]}' have (1 capacity to produce
distance dispersal iy a I})Ort.s that are adapted (o quick and long
of favourable wegqt Suort time 5o thai they can take advantags

conditiong during that ghort period. These

SPOTes are asexunlyy g .
. ; - 0
host for dispersy) by ‘med usually on the exposed surface of the

vil) Low death rato: Axi’];)”md" W‘ltc_r and insccta,
dispersal by wind m?‘g ungl the variations in circumstances of
-Xranm ' oinute siza’ of unprotécted ‘eporen, popsible
B on wr L ookl ’

ong hostd; cte. are many factors that
aqug the Pmpuﬂ'glﬂcs. "However, this
r‘”‘mtré.“[’cly hhigh birth fate. Epiphymﬁgs
* causal : ¢ of pathogens are those in which the
(t:}?: E::}i,l;lg;:st ;s; Z};Zﬁ:mc and PfOtCCth by the plant tissues. Thus,
chief source for :lortality are rcduc.ed to the minimum. The
propagation and t-hCCuix_mllat;xon of ' inoculm for vcgctatn{c
comparatively slo. ¢réfore, the build up of epidemics is
with dis casy d oxlv. thn a par ticular area becomes saturated
' cpiph'ytot:ics:rc' &glgﬁ, material changes * of PeRpRRmC d
«» Vill) Easy and rapid dispersal of the pathoégen: The ability of a
' 02& p.athogcn to cause epiphytotics is dependent as much on its
. PV dispersal as on high birth rate. The units of propagation produced
| %Y% by the pathogen are dispersed by external agencies which must
.y &3 be available if epiphytotics .are to develop: Fungal spores . are
°* mostly disseéminated by insects or, for becteria, by Wwater. The
velocity of the wind, its direction, moisture, number of suitable
Si%insect vectors, their rate of rcproduction, feeding habits, ectc.
% determine the degrec of ecpidemics. The fungi have special
fechanisms’ for making their spores wind-borne., Usually the
b sporé discharge is with sufficient force to throw them in upper air
d';""currcnts. In addition these spores are light, minute and resistant

to adverse conditions encountered in turbulent air.

ix) Adaptabllity of the pathogen: Weeds seldorp. die because they
have the capacity to adapt tc.) adverse condmons.. Most of the
pathogens causing epiphytotics can be placcd m. .thc same
category. They can adapt t}lcmsclv;s to various cox.ldxt:ons listed
above. However, exceptions can exist to these chmrements. The
necessity of adaptability can be substituted with other qualities
' s high birth rate. -

x) i;;:;:};z:le: %}:eather: Méteoropathology deals thh the rclatic.mshjp
between weather and epiphytotics. Optimum. moisture,
temperature, light, etc. arc necessary for actjwty.c.,f animate

thopens. They arc as much important as the nutrition for the
e ing that a particular fungus meets all the abave

' , Assuming. T e ST
| f:;h?gF ‘?ents for causing epidemic; it has high birth rate, high

o
Q

. L
5> o



S0

aggressiveness, produces abundance of wind-bome spores, {—:md
the spares fall on susceptible hosts that are prone to mf:ccuon;
even then infectjion, invasion and development of epidemic may
not occur if weather is not favaurable for germination of spores or
in absence of light stomata have nat opened to permit entry of the
infection tube or when the stomata open the moisture is so low
that the germ tube has dried. The weather also affects the actw:t:y
of the pathogen on the host surface. It may mnot permit
?Porulation on’ the host surface thus reducing amount of.
Inoculum for secondary spread. The spores may be washed from
leaf surface by rains before penetration has occurred.

Decline of the Epidemics

No epidemic¢ remains for ever in a population. After development of the
epidemic a stage is reached when it shows decline by itself. This stage is
very common in epiphytotics of crop plants. The causes of decline is

epiphytotics are as fllows:

i}

ii)

li1)

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-availahility. of more haost
plants limits further spread of the -pathogen. This results in
production of less inoculum, .fewer secondary infectilons, and
finally no new infections. The plants that escape infection are
those that possessed resistance or in which resistance developed
during the epidernic. 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 elimingtes susceptible indjviduals and permits |

" only the resistant individuals of the population to_survive and

breed. -
Decline of proneness in the host: Most diseases 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 completely lost. Under these conditions the epidemic
will automatically’ decline. When the plant is receptive for
infection throughout its life and its population has been infection
throughout its life and its population has been affected by an

‘epidemic, the weather conditions may not remain always

favourable for disease development. As a result further spread of
the disease will pe' checked and the epidemic will decline. Wheat
; : . £ riste '

crop in em India usug ts the attack s in J

tg March. Epidemics develop during these months, Alf

plent remains prone to attack afterwards alen, further
development of the digease js checked . because of rise in
temriparature which is vourable for the ogen. o

Reductiosi In aggressiveness of the pathogen: Due to above

mcntibnc_d and gther causes the aggressiveness of the pathogen
may be reduced. When all susceptible individuals are destroyed

by the pathogen, it may try to parasitise the remdining resistant
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diseases, that applicatipn q control ez ES‘lfﬁE'enUY favourable for certain

lhat t};e amoulet_ﬂf,.discaaclsxpe‘étéémi:aﬁuff_s will result in "é:'conorriicl g‘aj'n, or -
] . A1 o1 N & Gun D P

Ewomcrcnn@-md.moncy_for cqicf:g] 0 be enough to justify the
This requires com i g

of the disease in p]ar?:ete 1Cnow1-edge of epidemiology, that is, development

assaciated with the host, t}?:plgf}?on under the influence of the factors

applied epidemiology. pathogen and weather. u}i‘o[’ccasting is-aetually

Practical Advantages of Foreéasting

Forecasting invdlvc .
g S _all the activitiae .
arm mmunj =_activities jn - ;
farmers 11 8 co ty that condiW&ﬂmmg and notifying the

_ Forecasting of disease contributes to prediction of crop yiclds. Although it
is not the sole factor, without consideration of possible occurrence of disease
no fgrecasts of crop yields can be true. The disease forecasting has two facets.
It can be short term forecasting, during the crop season or just before the
cropseason, or it can be a lohg term forecasting, predictions of discasé being
made years in advance. Both are possible if sufficient data on weather, varicty
and response of disease cycle of the pathogen to thcse parameters, are
available. Possibility of occwrence of discases can be detected.

Thus, by detecting per cent infected or contaminated seeds in random

samples and the extent of distribution of such sceds one can give a rough
<stimate of possible extent to which primary infection of a disease can'gccur

in an area.

Primary inocﬁ]um of virus diseases of potato, loose smut of wheat, ergot of

Tye or bajra and ear cockle of wheat can be detected in seed lot by different

™Tethods and necessary warnings can be given to the growers against use of
Such seeds without proper precautions. By collecting data for several years on

: disease
Veg iti uring the crop season and pattern of the
i her conditions « L ratory studies, correlation between the two

Incidence, supported by labo _
Weather and (I;g?:asc) can be determined and on that bas;sl forecasts can be
™ade whenever meteorological conditions tend to bef:c?mc favourabl::- for
Serjous disease incidence. e

Some Examples of Diseasc Forecasting | I
cts and its effective control with fungicides late

infestans) is one of the diseases on which
tain, Europe-and the U.S.A. The
t can be seen [rom the

I5); Due to itp devastating ;ﬂe
oy Bht ' Phytophthora : :
i s been since long in Brl

i ¢ -gl‘
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WD Shameters of the poogen and this has been utilised in dCVClQpiﬁg
i oecasting systems for the discasc Sporangia are formed at a YCQ_Q\LQ

1mchlv of nearly 100 per cent, or at least more than 90 per cent, at 180. ‘
__\?“C for at least 6 hours or at 129-15°C for at least 12 MOUT%_SMM ‘
il eir_viability in_1-2 hours at 20-40 per cent relative himidity (RH) or in 3 -6
hours_at 50-80 per cent RH.. Thus, the favourable conditions for their ..
r.mination must cecur soon after their formation. These conditions are the
piesence of moisture and a fairly low temperature (10°-159C) for 0.5 to 2
hours. Infection of the plant by zoospores liberated from sporangia requires at
least 2-2.5 hours at 10°-25°C' and the fungus there after develops most

rapidly at 18°-21°C. The incubation period in’ 3-5 days under favourable
- conditions but must be longer at high temperatures. '

The first successful warmning system was develbped in Holland where the
four Duteh rules were formulated more than 50 years ago. The appearance of
bLlight depends on 1) a night temperature below dew point for at least 4 hours
(that is dew at least for this time):2) a minimum temperature of 10°C or above; .
3)_a mean cloudiness on the next day of at least 0.8: and 4) at least 0. 1mm of
rain during the next 24 hours. These rules worked well in Holland but when
tried in South West they failed to be accurate. There, the rules.were reduced
to two, viz. a'minimum temperature of 10% and a relative humidity not 'falling
below 75 per cént for at least 2 days. Seasonal and. regional variations occur
in inoculum density and weather and hence these rules may not be apphcable
»'x'crywhcrc -

In the United states two systems of forecasting were developed by ere
(2 S?JBJ and Wallin (1962). The HyTe's system-is_based on_records of daly
rainfall and maxdmum and minimum temperatures. The initial appearance of.
la te blight is forecast 7-14 d'ws ajter the hirst occurrence of ten consecutive
hiight fabourzble aays A day is blight-favourable when the S5-day average
Le naperature is below 25.5% and the total rainfal] for the last: 10-days period
ig _more thaii 3.5 cm. Days on which the minimum temperature falls below
7.20C are con&dgred unifavourable for- blight development. This system does
Fioo requxr\. that data be collected in the crop canopy.

Ga Waillaz systern blight forecast is based on relative hunudlty (RH)
__ ] temperaiure. I takes into consideration .the seasonal accumulation on of
' mrerily ¢aiies’, Severity vadues are numbers arbitrarily assxgncd to
.., r=ihe relationshipy Gétween duration of RH, periods of more than 90 per
<t and the average te nperaturc (iurmg those pc-nods3 The first occurrence
oi late blight is predicted 7-14 days after 18-20 severity values have been
accuamulated from the time of plant emergence. In thlS system data ar¢

regaired from within the crop canopy.

Although both systems in the . S.A. were used for-more than 18 years,

~  were not widal ac cpted and utilised by farmcrs becausc the systcms

Y e pot readily aveiiabic oo limely, regular and iocalised basxs this has led

v ieewelopment of 2 computer programme which: combines both these systems

-1 porovides the growers with a late blight contral programme tailored to-their
“Zal conditions.
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Forecasting h )
pasis of (i) ‘ia’eathger ::ngiet? . applic.:d, In case of many other diseases on the
the crop BcaSOn' (iii) am~ ons dll!"ln'g the intcrcrop pel‘iOd, ('li) weather dudng
inoculum level, and (iv) amoes crocaee in the young crop, that is, the initial

; (iv) amount of inoculum in air, soil, or planting material.

Prediction of- i
of downy mildew of grape (Plasmopara viticola) is made or

the basis of we :
of the plant. ;;2?; i;?;;ourable for B_Cl:mmation of the oospores and infectior
temperature. A d phthora phaseoli is predicted on the -basis of rainfall-
P L ay is considered favourable for the disease when the 5 day
mean moving temperature (recorded hically) i 0C with th
minimur 7°C or above, and. the graphically) is less than 26°C with the
disease is likely to a » @n t.]‘lC‘ 10 day total ra]nfa” 1s 3.05 cm'or more. The=
“spread of tikl or le ap}pe after about 8 consecutive favourable days. The
) SnonT & hz » 8pots of groundnut (Cercosporidium persgnatum and
- Cercospora arachidicola) in Georgia (U.S.A) is favoured by diurnal periods of
10 hours or 19“8_“ with RH at or above 95 per cent and with: temperatures
above 21°C during these periods. | . . :
| Although not much work has been done on disease forecasting in India,
except for finding out correlation between temperature-moisture conditions
and fungal activity, there is good amount of data for forecasting blast of rice
(Pyricularia oryzae). Forecasting can be made on the basis of minimum night
temperature range of 20-26° C in association with a high' relative humidity’
- range of 90 per recent and above lasting for a period of a week or more duringg
any of the three susceptible phases of crop growth, viz., seedling stage, poSt—
transplanting tillering stage, and neck emergence stage. Another approach is
to plant highly susceptible variety in the locality and watch for occurrence of
the disease. If the disease appears in this indicator crop and above weather
conditions have bee.n,prevajent,‘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 fixed 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. If disease appears and spreads he
has to repecat the operations at short intervals. If accurate forecasts are
avajlable the farmer may not even have to start cortrol operations or reduce

the number of sprayings, therehy, saving moncy.

Computerised System of Diseaso Forecasting i

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 other
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 the blight was present only in traces on the: surface of the crop
‘"when inspected from outside., But when tubers were haivested, 50-60 per
cent of them started rotting within a day or two before they could be
transported 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 from
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; affected by late blight fungyg

bers were severely

the e o d'r:l}icertr:1 to soft rot bacteria. '\Vhat act'uétll}' hg.ppcned was
and this f)rc-diliggslc rant growth and very thick crop Can&};}; o?cufo amp]e
rig ttrilgnug; uses of fertilisers.  This prevented %xammanm o lfct‘;'mder
u-ngwtha during inspection. Since the weather outside was f und Ve to
o : , ami o ergrowth
g‘ t epid g’c no attention was paid to the ex . .nauon . 'gro ot
ight epidemuc, al conditions for epidemic which

' d ide
However, ‘the thick crop canopy create
existed around the lower leaves but not on the top leaves exposed to outer

) < 1 i ber .
climate. The diseasé continued and z00SpoOres caused infection of tubers

The example brihes to light followingpossi.bilitic_s_;
| particular area makes the crop
dent of macroclimate.

1. Crop canopy of a lumﬁant-gro\vﬂ} in a
climate favouable for epidemic and indepen .
Ly ,
2. The meteorological data outside the field. (as used in Hyre's sys'tem and
Dutch rules) may be deceptive if recorded as unfavourable for blight 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 will depf:nd on
irrigation and ferilisers used in the cropping system, and these, in turn,
will vary from field to field and farmer to farmer, the crop climate may vary

accordingly among the fields.

4. The above possibilities imply that epidemics will vary-from field to field
wihin the same locality and, therefore, a generalised farecast for the entire
locality may not give benefit to'all categories of farmers in the locality.
Many of these questions have been answeéred by a system using computer

arid kniown as Blitecast in the U.S.A. . '

JThe Blitecast is a computer programme integrating both Hyre'’s system and

Wallins system of forecasting_based _on _rainfall, temperature and _relative
humidity. The system is a $ervice relaying mformation on forecast from a

'‘central office to those who seek such forecasts. The data for the forecast are
acBuired on the following. "

+ 17 Maximum and minimum temperature for the day.

2. Number ours of ' idi
\# Number of hours of relative humidity more_ than 90._

\3* Maximum _and minimum _temperatire during_the. period when the relative
Jamidity was more than 90 per cent, ‘ = L relalive

———

4/ /;J_‘h\e rainfall reorded at 24-bnm_baai&.an¢measumgl.to_ﬁlﬁ_nﬁa&§§_0_lﬁm

: The temperature’ and humidity data are recorded with
| | ( heltered
Bygxpmcmqgaph located between the rows and within the cr?aps c;n:ip}’-
L z'a_.ta re9qrmn.g must start early in the season when emerging plant foliage
starts griving the look of green rows. In the early stages, there will not be
" much diference in data from within the crop and outside T

When, an An‘le‘rican farmer desires a Blitecast, he teiephones the
Blitecast station giving most recently recorded environmental data. The




analyses the ithi
- m witl '
forccast and 'spray PCCOm‘mcndhm a fraction of a sccond and returnsg the

the farmer on the phohe, .m:ionu to the operator who relays the same to
' computer programming for ¢ Operation takes only about 3 minuets, -The

above determines apprgxfm Blitecast Integrating the two systems’ mcnfﬁohed
whether spraying is neede 138::‘.6 scverity of discase and accordingly'détcfmjpes
5 days or 7 days. - r not and if nccdcq what ‘should be interval, ie.,

L ! ’ s

o Th_e programme has two
of the dlscasc ‘Wwhich it can do
and the other determines severi

pm, one determining the possible occurrence
.éven with ‘data from outside the crop canopy
.y SR ty and recommendation for spraying:
.developecg,c e’%’g;iwe cquipments based on the principle of Blitecast are being
. dctcm. . . ?re Se].f"CCJlnt.a.I.TICd Mits, progran]mcd with paramctcrs
mining. epidemics of late blight, and. placed in thc field where they
continuously monitor the weather and as soon as a critical period has

cha;fsd’ figish tﬁle warning which can be inteérpreted with the help of direction

VARIABILITY IN PLANT PATHQGEN 8

.., No_ plant population can remain ‘genetically - pure for a ‘long: time.
Genetically different ‘individuals “tnay develop due to self-pollination annd
mgt_e_.tion, etc. These self generated variations can make the plant resistant or
susceptible. ‘Similar causes induce variations'in plant pathogens also. On the
_ satne host mimérous sporés. formed 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,.
Viruses and bacteria are not known to reproduce’ sexually.’ o

Genetics and Variability of Viruses

Viruses are not considered micro-organisms. However, research in
molecular biology that the molecular structure of virusés has the capacity of
transferring its characters to its duplicates produced in the host cell. In other
words, the principle of breeding truc or like tends to beget like, applies to
viruses as niuch as to living organisms. The laws of heredity apply to viruses
and therefore they can also exhibit variability.” When a small quantity of virus.
particles is inoculated in a suitable host the concentration of particles
increasés and the synthesized particles have the same. harmful effects on the
host which were caused by the original particles. However, in spme vimses, in
addition to immutable particles, virus _particles having characters differerat

from original cén be synfficsized. These are known as virus mutants. In this

way. the viriis can produce several races,. strains or variants, -In Jﬂbjfco
mosaic_virus (TMV), Cucuber mdsaic virus. (CMV),. sugarcane mosaic vinis
(SMV) and curly top of sugar beet several such strains are krowi fo occur.
Hybridization can be one of the methods by which these n'é,v.:w} virtas
strains are formed. If two strains of a virus are inoculated into the same host
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ay bc' recovered with propertieg

. virus satrajng m :
plant one or more new from either of the two strains

. etc.) different '
(agaressiveness, sympton;ii.on. ')I'hc se new strains arec. probably hybrids ang .

originally used for inocul i o
dcgeirlop iyj recombination of the genetic mater,i_r:}l (RNﬂ?ﬂo: %m_)m?:cfﬁﬁg t(?h“
virus particles are madé up of mostly RNA or sometimes e -
genetic materials in viruses) suggests that as In living organisms these
materials from different sources may undergo recombinations and al:a
detertnine the hereditary characters of the virus. However, the cvolution of.
new strains in the above mentioned example may also bc due to mutation.

- The en properties of dilferent strains of the same virus are identical.
M; Synthesis of proteins and enzymes takes place through
line. up of amino acids in specific sequence. dictated by genes (in virus,
nucleotide: triplet in RNA). Therefore, if antigens are similar among different
strains it proves that genetically they are closely related. This proof of affinity
among virus strains is obtained by serological tests. In suitable medlwn cach
antigen produces specific antibodies. ' T
Genetics and Varlability of Bacteria . . e

Stxains differing in pathogenicity, colony characters, ctc. occur in bacterial
plant pathogens. ‘For example, in the.cotton blight bacterium, Xanthormonas
malvacearum, 17 strains or races are known to-date. Phenotypic varigbility
is''common among races. of bacteria. These races can evolve by ‘mutation or

. gene _xecombination. - It 'has been now -accepted thit .in' bacteria the .
‘inheritance of genetic characters is on ‘the samec principle as in other
orgaritsms. The genetic materjal in absence of ‘an organized. nucleus in
“bacterial cell, is diffused througljout thé cell and. thus the entire cell functions
as'd nucleus.  The transfer of this genetic material oy characters coded in this
material to daughter cells occurs at the time of binary fission. .
. The genetic varigbility among bacteria _may be caused by following -
methods resembling sexual reproduction : . - | S
1) Conjugation : Two compatible bacterial cells come in contact and _
Interchange of genetic material takes place between the two. In this way the
eenetic make-up of both cells is altered. Binary fission of these cells produces
daughter cells of different genetic characters and these develop into new races

. 1) Tranaformation : Bacterial cells absorb the genetic material éxuded by
> compatible cell or freed by dissolution of the cell wall: The receiving . cell
then contains altered genetic material sihce new genes ‘are added to it. This

Ccli.pbvyrgg:pdumé td,c:i,cvélqp”an,cvf'racc.. S . a4
- '414) . Transduction ' 'The bacterial viruses- (bacteriophage. or. phage ) gan

tran 'afézz' the :génctic material from one-cell to other,attacked. -by-them. If e
attaclied cell is ot destrayed duc to nfection by the phage it reproficts o
ror‘n:qew"rapes'havmgadiffcrent- genetic character:

-~
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Genctics and Variability of Fungl ;

4

The knowle
understanding Pii\%lio o .Vilr‘mbility in fungl is not only importﬂnt l'or
Benesis, present or future, it is equally important for tthe

guccess of any breed|
the. disca“ f‘g Progmlﬁmc for dcvclopmcnt of varictics resistant to

:h\;ngiﬁﬂftg Um\'o:\ f{nglhccllular micro-organisms. Like in othcr living
org 8ty e ‘nlicleus Viith' its genetic ‘tiiaterial helps in- determitring ‘the
hcrcdity of Tungi. The’ funigi reproduce sexually as well as asexually. Sorxc
fungi -have only asexuel reproduction. Whatever the ‘metHod of repr oduction,

‘due’ to “presence” of ‘genetic ‘materials- thi fungus erc
transferred” from gcnex‘alion to'gchcrdtmne ;Sa:::rtxixrsnfé tt‘f:: VWECUS ‘axad
.bactena, mutatién “and hybridisation ‘aid; tosome: extent,’ ‘othér-hettiods
induee: variability. in- geretic; characters of. fangal’ specics: and thus:help: in
development of:new. sfrains or races. Although;in.laboratory two Qompabblc
fungi - can easily -be, mated, in nature - hybridisation ; , and. ;mutatipn” arc
dependent on chance. However, enough changes -are prov:dt:d tothem. ©Y
nature.to evolve new races aa fast as, 1! not faater than,, the vancﬁe& of hlghcr

-_.'.. .].

p]ants CVOIVCd by man . ¢ 5 e o s ; RN

» Wheén the" p__rggc_:ny shows variations in Charaéters from‘thc pa:cnts it- is

.Cﬂﬂcd a miant The digsiniilarities o charecters® in " these, progedies . ‘are
¥ Progeny devéloped' by &'variant having similaf heredity'is called a

.MQ}_ZP_O Blotypcs differ' from 1 the parcnt race only in few mnor. charathrs,

‘mostly in the type of symptoms produced on specific host. A group of biotypes
with identical characters f r_strain. In plant pathogens these

races and‘ biotypés areé: d;stingulshed' wrth ‘the help ol certain differential
hosts. When_a_group of races of identical morphology attack and infect a X
numbcr of different. spch«es of the host, the group is called forma spcclalis of
vancty Several varieties f the fungus constitute &’species (Botanical s‘pﬂtms)
Al these vanatlons in tﬁ)ecms at dlﬁ'ercnt levels are the resu]ts of genetnc J

L

rnutatlon or rccombmabon . .-
X<(

o F‘ur@hé lanation of variability is glven below with few cxamples of
pathogcmc fungl which have bccn studxcd in dctsul _ A

The cereal rust fungus: Two catcgonee of variants are rcCOgmzed in
Puccinia granums-vanctﬂps and physmlogxc forma. The, varieties, differ frorn s
each. oﬂner somewhat in, shape and size of uredosporcs but the pnncxpal Rir
diﬁ'crencc ‘between thcd is their- prcfcrencc for groups, of hosts in differenat l

mmbcra of, gmminpe. Each vanety can attack several spec:cs of oneor more
genetra of the grass family, but it cannot attack t.hc. ‘members’ of Othcx gcncra 8ot

whl,ch may. be. susccpubie to other., vanetxcs of the sameé spet;xes (P granru

CA Varlcty, in.turn, may contain. acveral Bpecma of genus.; Varieties a_rv_; g1 gg
" Latiy’ .pames’
Arabic numerals, 'Ifhus, Puoanza  graminis tntza race 15B means. bxotypc B or
race, 15 of the varlcty tritici._of, the botanWé" T?ramzms 'I'hcrc arc
mp}than 200 suc -such . physiologic . forms or races es Of P: graminis tntza Thc
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consists of six varieties each having a large

botanical species P. graminis
number of physiologic races. ) : y . ,

_From the above example it is clear that within the botanical species. .
gramihis there was sequential variation
biologica] units which gradually lost morp
physiqlogical difference such as chaice of spe

n leading to development of such
hological differences and attained
cific food or host. This type of
s physiologic specialisation
which |h n deflned as prese f entities within mor h
not m;agijvl.)cdci?ﬁnmlishabic by structure, but differing from e.ach other
beg_i:kgi@le including ~pahogenicity, host qx_qgholqu,. -.b.lQ.chemgcal
propérties, cultural varisbility,-spore germination and ecological relationships.
These entitics have been called physiologic races or atrains. o
s quite common in

The smut and other fungl; As in rusts, variability is.qui
y smut, fungi are more variable than any
. Variation abounds in the smut fungi, in

smut f gi. As a matter of fact the
other group of plant pathogenic fungi. or 1nds - SEARL AESEL &
both morphology ‘and’ physiology. Morphologically, ' the variants “within -a
species: differ in spore markings, ‘cultural characters and gross Symptom
expression on the host. Physiologically they differ in nutritional requirements,
spore ‘germinab’on. compatibility . relationships, . nuclear behaviour and
jpathogemicity. Similar physiologic specialisation.is known to od:curd in fungi
causing| late blight of potato, powdery mildew of cereals, wilt of.pea; . tomato,

N
.,;l

\ .. PLANT DISEASE MANAGEMERNT

Mcas&u'res taken to prevent incidence of a disease, reduce the amount of
noculum that initiates and spreads the disease, and finally minimise the loss
aused loy the disease have tradjtionally been called as control measures. .
Juring the past 10 years or so, howgver, there has been a general tendency to
‘onsider ithese measures under a syiitem of disease management or pathogen
nanagement in piace of using the term control. This approach has been
oljowed by entowmologist since long, - -

Therc‘:‘ is convincing logical basis to support the subsitution of the word
control™ :with the word “management’. As Apple (1977) has suggested the
rerd control evokes the notion of finality, of having controlled or permanently
ettled a . problem. But in reality this is not so. No plant disease has been
i e, Waove toepoal the opérations in‘eadh crop sédson

T | anagement” conveys the coricept of a contiriuotis
roceas, [t implics that diseased Are nhejeht conponemtof-aragrocrosytei
11 must be dealt' with contlniious ‘knowledgeable basis.” Méndgement is
ased not ‘on the prin¢iple of only eradication of the pathogen but’ m'aihl}"' on
}c princjple of maintalnmg the damage or 1dss below-an economic injury level
c at lca_?f minimi'zmg occurrence of disease above that level, Management
1ggests recd for continuous adjustments in crop cultivation systems.
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A '
neral Principl
KGe Plos of Digeage Management

Flant discase management jg based or ' inci
n_following general principles:

1)  Avoidance of the maph s :
when, or in aéi@ﬁ)actiqﬁn:muAmvoidmg disegss by planting ab Bmes

o, 8 v OC H : v .
conditions, or is rare or absent. s ineffective due to environmental

2) - Exclusion of inoculs .
) cst:t?ﬁssi}:?l o'f ‘inoc_u]um: Preventing the inoculum from entering of
DUSTINg Inthe field or area where it does not exist. ' '

7?) o m.lilcifxgt:tlth Reducmg,r inactivating, -eliminating, - or _destroying
. - € source, either from a region or from an individual plant

in which it is already established.

4)» ‘Protection: Preventing infection by creating a chemical toxic barrier
: .P?t‘_’"eef?- the plant surface’and the pathogen.

S gi_soas'_e _I!E‘Silltia.nbe': Preventing infection or reducing effect of infection
by mﬂnaglngthe host through:improvement of resistance in it by
g_CnctJ,cv manipulation or by chemothérapy.

6). Themyy:_mducmg severity of disease in an inf:ec'tel,d mdivid'ﬁél. o

. The first five of these prificiplés are rhainly preventing_(prophylactic) and
constitute the major procedures for plant disease management. They are

applied for the population of plants, i.e., the crop. The last, therapy, is 8

curative procedure and is applied to individuals. These procedures cross

across the vatious approaches to disease management, viz., management of

the environment, inanagement of the associated mircobiota, managing host |

genes and management with chemicals. : |

1) Aveidance of the Pathogen: |

% cin be prevented by proper selection or change of land and

Many diseases can be p
alteration i13 time 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

procedures under this group are: C ~ *

1.i) Choice of geographic arca: Selection of geographic area for any crop is
made on the basis of suitability of prevailing temperature and humidity
in .the area for the crop. These factors influence incidence of the
dideases also. Many fungal and bacterial diseases are more scvere in

, weit areas than”in dry areas.. Crops susceptible to Uiese discases if

. ‘ g;f:own in such areas are ]ﬂ;ely_to fail due to Séﬂmalm%be. If
these crops are grown in dry areas with the help of irrigation disease
,{ncidenbc cdn beé avoided. Smut and. ergot diseases of bajra are serious

‘in wet areas in.regions where ains occur for long durations during .
flowering: stage of thé crop. Cultivation of .bajra in wct areas is,

. therefore, not very profitable. R T )
1.i1) Selection of field: Successful cultivation of a crop depends to a great.
extent on sclection of- proper field. Many soil-borne diséases can be
avoidéd by proper selection of site. If the causal organism of soil-borne




1.idi)

l.iv)

' conditions for the pathoge
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. ways advisable to avoid that
% n a field it is alway of the pathogen in

disease of crop is present i A :
field for the particular 6foP 10T 0L J orevious history of the ficld and
soil can be ascertained on the as ' lletotrichum falcatum) can

. Co :
nature of the pathogen. Red rot fungus ( is planted in the

: if” arcanc
persist in soil for few months. Therefor®, ltfh Zu;gsrcccdin{?, Heased orop,
same field immediately after

harvest of :
‘ i 4 the crop may fail,
chances of aggravation of. exist and P y

! t -of bajra, ergot of
Similarly, bacterial wilt of potato, ' h disejases rv%hose
bajra, ear .COCkle of wheat, root knot, ‘ctC- are dsuCSuCh fields should
causal organisms persist in soil for varyl ng periocs: Tl

not be selected for susceptible crops. . ;)

_In selection of field the managemeii® - . CC S ax

place. Many diseases, such as red rot of sugarcane a.nd'.do:(;nrzm n;idcw
of bajra, occur more severely in fields where Watf:rloggmg is cor :

Also in fruit orchards the selection of site 1s of special importance.

_The fruit trees remain standing on.the same land for 40-50 years. If

L of 1 the time of planting the orchard,

proper selection of land is not made at the : )
il trees show signs of many. abnormalities :axfter few years, cspﬂ
when their root system grows deep in the soil. Apple orchards plant

on land previously under oak forests usually show serious incidence ¢?f |
collar rot (Rosellinia sp.) when hard pan is present under the §ubspﬂ 1t
prevents deeper growth of roots and trees suffer from malnutrition.

Cholice of time of sowing: In many discases ‘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
‘jt. ‘should be taken into consideration that susceptible stage of plant
growth and soil conditions and other . environments favourable' for
nosdmum  activity of the pathogen do not' fall at the .same time.
Alteration in. date of sowing can help in . avoidance of favourable
n. Pea and gram planted soon after rains,
when soil temperature and moisturé are at a high level, show high
incigence of root rot and blight. As the soil temperature falls and
moisture becomes less .(November-December) these dis€éases are also
reduced. In areas where these diseases are serjous late sowing helps in
sawving the crop. The stem rust of wheat damages the late sown crop
more than the early sown crop because time of onset of disease and ear
forznation coincide. In_areas where stem rust is a problem delay in

sovwving of the wheat crop should be avoided. * -

Disease escaping varieties { In diflerent crops certain varieties escape
damagé by diseases bécause of their growth characters. The disease
escaping quality is net due to their genetic resistance but because of
characteristics of growth and time of maturity, For exarﬁplc, varieties of
pea which mature early (by January) usually escape rn'uéh'damagc form
powdgry 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. - |

f drainage occupiés a major




£

.n«j- — - ’.’C"_z 1 . .
SESCC against disegses ca:. SINg species of Fusarium. It is not so
peaiod. - S°% C&n persist in absence of host for long

Remowal and ¢
estruction dige .
1 ed o ff_ <ased plants or plant organs: The
contmuous release of .p, 20ts in the field or orchard is 2 socurce of
S< 9f Imoculum. Therefore, as far as practicable, such

T2nts or their affec: <
- . aliected organs should be removed and destroyed to

TeCuce the amount of ;
ternate mog con..an.. cf .m@u. On the same basis, eradication of
=ilsrmate an terzl host is 2lso recommended. ‘

sEESSEiE e The procedu >
=5 procszdure known as roguing involves removal of

B

isezsed plants or their am .
n el OF taslr affected organs from the field. It checks spread
O —e c;s,e"::sn to hg‘_ﬂfv - 1 s - . ) . . . r
seed. In orcha <1y planis and helps in production of disease-frce
--:.’:p < 3 o vds, where removal of the entire tree is not feasible
; €SS It 1S very bad DT ~ -

;‘_‘___. _)‘ T¥ Dadly damaged, the affected organs can be cut (tree-
it and burnt. Roguing is employed in such diseases as loose
S O wneat, loose and covered smuts of barley, scrghum, maize,
S, red rot of sugarcane, wilt of arher, etc. the procedure is practical

On.y wnen size of the plots is small 2nd number of diseased plants is

not very kigh
- =y

.?f:i.ij-b) Eradication of alternate and collateral hosts: Many discases

especizlly those with continuous infection chain, perssist through
alternate or collateral Bosts of the pathogen. The primary inoculum is
croduced on znd dispersed from these hosts. If these wild or
uneconomic hosts of the pathogens are destroyed. the source of
primary inoculum 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 continuous
couree of inoculum of the virus. Insect vectors thansmit the virus frorm
shese hosts to the cultivated crop. In certain areas of the world cereal
—usts c=n survive on their zltermate hosts.- By destruction of such
hosts the life-cvcle of pathogens or the infecton chain is broken.
Dresennce of weeds in and zround the field may also help in

ceriain pathegens. Detection and destruction of

perennadon of €€
oossible hosts of the pathogen among these weeds is an importanat

step in plant disease control.

3.iii.c) Sanitation: Field sanitation, lixe plant sanitation, is essential for

control of soil-borme and facultative parasites or saprophytes. Many
obligate parasites also perennate threugh dormant structures in plant
organs lying in the soil. Destruction of diseased crop debris by burning
in the field decreases this type of survival of pathogens in the field.’
Burying the debris deep in the soil by scil turning ploughs also helps.
Powdery mildews of wheat, barley and peas, downy mildews of peas
and maize, and red rot of sugarcane are ‘some examples of diseases
checked by this method. o ‘

3.iv) Heat and chemical treatment of -diseased plaﬁts: 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



-chemicals, heat energy, flooding an

64
to destroy resti
mostly in disedses of fruit trc;cs. fltuciz;npl;ih ?Eéjrlogiiscont > t}lrl . hg:E
> Cd OWt Q - 1 '
When these methoda arc able to affect the pathogen FESEE b the
. ; . included 11 -
internal tissues of the plant they are Inc ent is to inactivate or eradicate

S8oil trpatments: The aim of soil treatment . _ .
pathogens present in the soil. Soil treatment involves the use of

d {anOW'lngy etc. .. 4
In chemical treatment of soil .many dm%?:lal b:SLSS edmla(i
nematicidal soil fumigants are used. The fungic Calk

the time of planting of the crop. Most of the ic’iur(ligicigcs usf; Sapse ct%(f)iﬂ
tm i lective in action and destroy only specilic
treatment matenials are sele évelopment of other fungi due to

fungi. Therefore, by their use the d . : . .
décfleased microbiabl’ antagonism can be enhanced. Majoritjf- of ﬂ'fe soil
fumigants are non-selective and destroy most micro-organisms in the

ick. The soil fumigants are

soil. Reinfestation of such soil is easy and quic :
applied usually few weeks before actual planting of the crop since they

can harm the plant also. Many chemicals are ! WP}C in.granu]e
form which can be uged in standing crops and which dlssolye in water

to produce the effect of soil fumigants.
In soil treatments the soil around the roots must . be treated.

“Therefore, uniform treatment of soil all over the field is essential. As a
result quantity of chemicals required is very high and the treatment
becomes expensive. Such treatments are practicable in nurseries, small
fields, and for cash crops where  higher income in proportion to
expenditure is ensured. Control of black scurf of potato, root knot of
vegetable crops, nematocle diseases of fruit trees, etc. has been
recommended through the ysé of chemical sgil treatments. -

For small quantities of soil, heat tregatment is an efficient
method of eradication of pathogens. This treatment is practised’ for
treating- soil in pots, nurgeries and greenhouses. Burning of crop
deberis, burning of 12-18 inch thick layer of crop debris, grassés, and
weeds spread over the field is one of the methods of applying principle
of heat treatment. In many countries’ sttam is also.used for
disinfestation of the soil. - - _ '

In special conditions flooding of the field is a method of

eradicating plant pathogens. If about 12 inch deep water is allowed to
stand in the field for several weeks the anaerobic or low oxygen
conditions and toxins produced by anaergbic bacteria destroy many
fungi and plant parasitic nematodes, Resting structures of many
Pathogens float on the surface of the water and if the flood water i&.

rapidly drained such struétures are washed out of the field. Control of

fusarium wilt of banana and root knot of vegetable crops by flooding

has been demonstrated in some countries, - " '
Trallowing as a pr_af:ﬁcé to restore inic'z_'ogutriéxits in the soil has

been used by farmers since the very beginning of agriculture. This

- Procedure-in crop production héliss in.reduction of inoculum ‘of many

soil-borne plant pathogens. However, in countres where culturable
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land is in short supply, i b= .
Y’ ln ro : . d 15
hardly recommended. P pomon to population, fallowing of 1an

Protective measures:

brou Th; Inoculum of many fast spreading infectious diseases 1S
ght by wind from neighbouring fields or any other distant placs of
survival, Pnnc1p1¢3 of avoidance, exclusion and eradication may not

sufficient to prevent development of the disease in such cases.
_?r otective measures are necessary to destroy. or inactivate this
inoculum. Thes& Mmeasures include use of chemical sprays and dusts
to create a toxic barrier between the host surface and the pathogen&nd

necessary modification of the environment to make it urifavqufa_,_.-————blc for
development of the pathoren. ' '

Chemical treatmerts: The aim of most chemical sprays, dusts and
seed treatments is Lo ‘nrm a protective toxic \ayer on -he host surface SO
that when the pathi«;:n comes in contact wila the host surface 1T 1S
killed oy prevented . ¢m rowih. ‘he chemicals used for this type 0O:

protective covering e called protéctive chemicals. But w
chemicals destroy tiie already established fungus or orher narasites
from the host surface tlie¢y are cailed eradicant chemicais. The saIne
chemical may be proisctive as well as eradicant. o .

Chemical contro! ¢f Inaect vectors: The attack of insects on‘star.lcim%
crop can be preveutsd Ins uise of protective insecticices. Many species ot
insects are importan! veotors of viral and ciher diseases. Some Vixus
diseases are transmilted only by their insect vectors. Therefore, timely
and effective dedtruction of these insect vectors becomes the most
important method cf control of these diseases. If a large populatiorz of

it vector @iinsis & - np ond feeds on digensed wiants which have been
sprayed with an .ol i.iic many cf them wail cscape instant death and

may visit healllry p'.uits and tr-nsmit the disease beiore being killed.
Yowever, later spread of the disease is checled if majority of the insects
vave come in contact with the toxic chemical. The success of control of
insect vectors depends to a great extent on the stage of plant growvin
snd nature of the pathogen. [t also depends on the speed with which
the chemical can kill the insect. Those chemicals which kill the insects
within few seconds are most eifective in control of insecct transmicted
plent diseases.

Mo dification of env rerimonts: lmprovement ol neration reduces tne
humidity on leaves :nd crher aerial parts of the »lant and there by
chevks growth of Tl wic lourith in humid atmosphere, Tiis
practice is recommz: ded for control of down: miidew cf grapeviries
(Slasmopara viticola). educing the number and amount of irfigation
also helps in modifcorion of environment against certain pathogens.
Mixed cultivation of wuiton and “moth” {Phaseoius. aconitifolius) reduces
.incidence of root rot of the former crop {caused by Rhizoctonia sofani
and. R. bataticola), The decrease in disease' incidence has beeén
attnputed to temperature and high moisture in soil due to the cover
prowdcd by lush gro_wth of moth. These temperature and moistuare
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k . +th of the pathogens. Post-harvest

itd ourable fot BrOW=S
coza d}ufg&stsa{lg :codtur?;’d by storing them In coql and dI‘Y (r:ocl);nstbecause
f:arron and wet conditions favour the rot—.cz‘ausmg fungi. -0 t$ orage of
potatoes is also an example of modification of environments against
ture and aeration are

pathogen. i
onmental factors as moisture A5 2o
Wiile stich et s alteration of temperature in the field

‘relatively easy to control or modify, 2 on | : _
or soil ig difﬁz\_ﬂt. Some soil-borne diseases are more pronounced in soil
at high temperatures. Irrigation of the field lowers the temperature to
some extent and protects the crop. Charcoal rot (Macrophomina

to i example. ' . » . .
phaseali) of potaje = 25 # In some diseases of plants nutnents

Modiflcation of host nutrition:. ln 3 ¢ y , M
have been Mt '} affective in reducing disease intensity. any leaf

- e b7 high nitrogen nutrition. .
v et tash in plants

JLseases are o ‘
soduces fecide ses of such diseases. De_ﬁ‘gi_cggy*_-_g{“gg s '
Londers taz fits e susceptible to water soaking and t.ﬁc plant parts
hecome s 15¢.; L.¢ to many diseases. High calcium 1Increases
tic substances in

resigtance 3 w..l (.sease through stren

ool walls and obstructing , the activity of pectic enzymes of the
pathogens. Similart, intensity of several other diseases is decreased by
micronutrients —.ch as boron, zing, inanganese, ctc. By spraying these
nutrients on the - > and increasing their level in the tissues protection

can be given to :u2 plants.

Development of reslstance in the host

In an- orop, resistance against a specific disease can ke
cieveloped b+ se.wction er hybridisation. Thiz type of resistance in
sreretic, Sice..em vl resistance of non-geneuc nature can be develcped

Use of less nitrogen

in plants by chemotherapy or modification of nutriticn. This type of .

rcsis.tancc is in:‘uced and temporary, lasting till the chemical or
nautrent is effecti e in the plant.

Selection and 4Lybrdisation for disease reai;gtn'nce: Génctic discase
resistance can we based on phyvsiolegical, smlctural,_arfuncTional
l:\chawour of +i.e host. ‘The principle of physiological - disease
resistance involves the presence or development of ,anti infection
+EY3fances s ..« vt cell or absence of suitable nu:rienﬂs for the
pathogen. In atiu staral reslatance caifferent types of structural barriers
“ve present or w1 rmed ih response to infection and wf_h*“;";e
}f'at_hogcn is check:::. In functional resistance, stomata dgro y t
. time when t: .2 p-.aaoten produces its iﬁfﬁ"ﬁor'l thread P ey epeRE

Resistance th u;i; 4 ne

; 8 by czemotheraphy: T ' )

s\eigtance in plac . ar %€ devele =y lemporary physiaological
“4 s e ] . ] o pCd t..hro‘lgh- chc . .-
- aigldes and anu.oicucs: when sprayed on thé fo?;aogtgc::l?éh:sghsstrxmﬂg

‘e roots, persist in-the proto
' pers: { plasm for so i 3 i i
lRevclh:s malx?tajncd ‘the pathogens cannot i::::xc'tll: :i:?;d Whﬂe ety S
mc_as tan?o through host nutrition: Making availa‘;lsufl:' j d
icronurients 'throug.h spraying or _t_zl_}_roufgh—“sbh“caﬁ ﬁ:ovidee ?:ggﬁp
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. disease in the plant, Although the o

doubtful. A vigorous
4!‘ g’/ LI -
7 Fouth of the plant is always desirable.

/igorous plants with CADACItY 5 from new
tne function of damaged rcctg 2nd shoors m?:if':ﬁf.s to take up
Jiszases. £ the attack of many

cctiveness of such measures 15

Therapy of dizeazed plant
Although cure of the diszased plant or its organs in most crops is
r.f! possible, in some crops and fruir trees chemical and physical

nerapy has ‘rf»n applied to cure the plant by eradicating the pathogen.

Chemotherapy : Chemical treatments applied to eradicate the
;a:hogcn from tissues of the diseased. plant and thus curing it 2re
ncluded in ch emotherapy. The chemicals meinly include the systemic
‘z.ngdd*a and zntibiotics ¢ _principle undertving chemotherapv i3
thzt the chemicals wd are absorbed by leaves “and roots and om
reaching the cell protaplazm act a8 a chemical defense mechanizsm

* by desztroying the pathogen and inducing temporary resistance.

1)

Tney can aleo act by detoxifying the toxins produced by the pathogen.
In this manner the tissues not invaded by the pathogen are saved and
the plantis cured.

The systemic fungicides when absorbed by roots are translocaf-ﬂ
through xylem to upper parts of the plant but when absorbed by levels
they fail to be translocated downwards through phloem. They spread
towardsz the margins.of the leaf and stay cocentrated. there. Antibictcs
czn be transloczted from leaves downwards to roots and Som roots ‘
upwards to leaves.

Heat therapy : Plants which can tolerate the thermal inactivation deazn
oint of pathogens can be treated by heat to destroy the pathogens.
These treatments are especiaily used for ceeds, tubers, buibs, grafts,
ete, Grafts of fruit trees -are “exposed to high temperatures for
inactivartion ofmany viruses. For eradication of nematedes from roots of
zrafte heat merap;; h4s been suggested. Ratoon stunting and other viral

dizeases of sugarcane are also eradicated by hot water or hot a.r
Teatment of setts. ‘
Tree-zurgery : Large size fruit trees are cleanea of infection by cumng
of the infected branches or scrapping of the diseased porton and
covering the wound with a fungicidal paste. After removal of the infected
porticns the tree becomes {ree of infection. The only effective control of

®tem brown, stem black and pmk diseases of apple is this typc of
Eu.rgmy



