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1 (Introduction True

Fungi)

1.0

1.1

1.2

1.3

1.4

1.4.1

1.4.2

1.5

1.6

1.7

1.7.1

1.7.2

1.7.3

1.8

1.8.1

1.8.2

1.8.3

1.9

1.10

1.11

1.12

1.13

1.0 (Objective)





9
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1.1 (Introduction)

(Fungus. Pl. Fungi)

1.2 (What are fungi ?)

Chlorophyll (thallus)

(Mycelium)

(vegetative) (asexual) (sexual)

(spore)

(Mycology)

1.3 (General Charac teristics of fungi)

(i)

(ii)

(iii)

(iv)

(v)

(vi)

(vii)
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(viii)

(ix)

(x)

(xi)

1.4 (Affinities with plants and animals)

1.4.1

(i)

(ii)

(iii)

(iv)

(v)

1.4.2 

(i)

(ii)

(iii)

(iv) (glycogen), (trehalose),

(mannitol)

(v) UGA (tryptophan)

(vi) (mitochondrial cisternae)

1.5 (Thallus organization of fungi)

Phytophthora

Agaricus

(Hypha) 0.5

() 100

Oomycetes
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(Septum) -1.1

(Coenocytic)

(Simple pore)

(Dolipore)

(Eukaryotic)

 1.1 
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1.6 (Structure and composition of cell wall)

1.7 (Nutrition of fungi)

(C)

(H) (O) (N) (S) (P) (K)

(Mg)

(Macroelement) (Fe) (Cu) (Zn) (Mn)

(Mo)

(Trace element) Cu, Zn Fe

(saprophytes) (parasites)

(symbionts)

1.7.1

(substrate)

(Obligate

saprophyte) (Facultative saprophyte)

1.7.1.1

Agaricus 
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1.7.1.2

Phytophthora infestans

1.7.2

(host)

(pathogen)

(Obligate parasite)

(Facultative parasite)

1.7.2.1

Peronospora Ustilago

(Haustorium)

-1.2

1.7.2.2

Fusarium

1.7.3

(Lichen) (Mycorrhiza)

1.7.3.1

(Basidiomycetes) (Ascomycetes)

(Cyanophyceae)

(Chlorophyceae)

Usnea

Cladonia Multiclavula
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1.7.3.2

(i)

(Ectomycorrhiza) (ii) (Endomycorrhiza)

(iii) (Ectendomycorrhiza)

(i)

(ii)

(iii)

 1.2 

1.8 (Reproduction, Homothallisun

and Heterthallisun)

(Fungi imperfecti)
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(holocarpic)

Penicillium

(Eucarpic)

1.8.1

1.8.2

(Aplanospore)

(Zoospore)

1.8.3

(Factors)

(Compatible)

(Incompatible)

1.8.3.1 (Plasmogamy)

(Dikaryon)

1.8.3.2 (Karyogamy)

(Diploid)
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(Dikaryotic)

1.8.3.3

(n)

(2n)

1.8.3.4 (Homothallism)

(Heterothallism)

(Homothallic)

(Heterothallic)

(Primary homothallism)

(Secondary homothallism)

Coprinus

sterquilinus Penicillium vermiculatum

Rhizopus sexualis

Neurospora tetrasperma

Agaricus bisporus

(Bipolar) (Tetrapolar)

(Aa) ‘A’
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‘a’ ‘A’

‘a’

A a

‘–’

A – +

‘+’ 

a + –

Puccinia graminis , Ustilago nuda

 

Aa

Bb

AB, Ab, aB ab

AB ab aB

Ab;

AB Ab aB ab

AB – – – +

Ab – – + –

aB – + – –

ab + – – –

Schizophyllum commune Coprinus

cinereus

+



NSOU  6CC-BT-06 _______________________________________________ 19

1.9 (Classification)

(unique) 1995

(Phylogenetic) (Kingdom)

(Phylum), (Class) (Order)

(Family) 1995

(Phylum)- (Division)

(Phylum)

(Hawksworth etal) 1995 18sRNA

(kingdom Fungi) (Phylum)

(Chytridiomycota), (Zygomycota),

(Ascomycota) (Basidiomycota) (Kingdom)

(Stramenopila) (Oomycota),

(Hyphochytridiomycota)  (Labyrinthulomycota)

Kingdom Protists (Plasmodiophoromycota,

Dictyostelimycota, Acrasiomycota  Myxomycota)

(Hibbett. etal) 2007

(Basal Fungi)

(Sulekingdom)  Chytridiomycota,

Neocallimastigomycota, Blastocladiomycota, Microsporidia, Glomeromycota)

(Subphylum) ‘‘incertae Sedis’’ ‘‘Dikarya’’

(Ascomycota, Basidiomycota)

(Ainsworth, G.C.,

1973)



_______________________________________________ NSOU  6CC-BT-0620

(Mycota/Fungi)

(Division : Myxomycota) (Division : Eumycota)

(Class : Acrasiomycetes) (Class : Myxomycetes)

       (Class : Hydromyxomycetes) (Class : Plasmodiophoromycetes)

(Sub-division : Mastigomycotina) (Sub-division : Ascomycotina) (Sub-division : Basidiomycotina)

(Sub-division : Zygomycotina) (Sub-division : Deuteromycotina)

 (Myxomycota) :

1 (Acrasiomycetes)

2 (Hydromyxomycetes)

3 (Myxomycetes)

4 (Plasmodiophoromycetes)

 (Eumycota) :

 (i) (Mastigomycotina)

1 (Chytridiomycetes)

2 (Hyphochytridiomycetes)

3 (Oomycetes)

 (ii) (Zygomycotina)

1 (Zygomycetes)
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2 (Trichomycetes)

 (iii) (Ascomycotina)

1 (Hemiascomycetes)

2 (Plectomycetes)

3 (Pyrenomycetes)

4 (Loculoascomycetes)

5 (Laboulbeniomycetes)

6 (Discomycetes)

 (iv) (Basidiomycotina)

1 (Hymenoomycetes)

2 (Gasteromycetes)

3 (Teleomycetes)

 (v) (Deuteromycotina) (Fungi Imperfect)

1 (Blastomycetes)

2 (Hyphomycetes)

3 (Coelomycetes)



(1) 

(i) 

(ii)

(iii)

(iv)

Plasmodiophora

(2) 

(a)

(i) 

(ii) 

(iii)

(iv) 

Synchytrium
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(b) 

(i)

(ii)

(iii)

(iv) 

(v) 

Mucor

(c) 

(i)

(ii) 

(iii)

(iv) 

(v) 

(vi)

Saccharomyces sp. Penicillium (Talaromyces) sp.

(d)

(i) 

(ii) 

(iii) (n+n)

(iv) 

(v) 

(vi)

(vii)

Agaricus sp., Puccinia graminis.

(e) 

(i) 

(ii)

(iii)

(iv) 

Alternaria sp., Fusarium sp.
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1.10 (Economic and other importance)

1.10.1

i)

ii) Saccharomyces

Penicillium 

iii) (Penicillin) (Cephalosporin)

(Griseofulvin)

(Penicillium)

(Cephalosporium)

iv) Aspergillus niger

Rhizopus nigricans

Aspergillus flavus

(Cozic acid)

v) (enzyme) (amylase)

Aspergillus (invertase)

B
12

, (riboflavin) Aspergillus

vi) (mushroom)

Agaricus bisporus Pleurotus sajor-caju

Volvariella volvacea Lentinus edodes

vii) (Mycorrhiza)
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1.10.2 

i)

Phytophthora infestans

Puccinia graminis tritici

(Rust) Helminthosporium oryzae

Candida

albicans (Candidiasis) Aspergillus

(Aspergillosis), Rhizopus Mucor

(Zygomycosis)

(Saprolegnia)

ii)

Serpula lacrymans (Dry rot) Coniophora

cerebella (wet rot)

Chaetomium

iii)

Amanita

phalloides Aspergillus flavus

(Aflatoxin)

(Mycotxin)

1.10.3

Neurospora

Alcoholic fermentation

Gibberella fujikuroi
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1

(a)

(b)

(c)

(d)

(e)

(f)

(g)

(h)

(i)

(j)

(k)

(l)

2 

(a)

(i) ,  (ii) (iii) (iv)

(b)

(i)   (ii) (iii) (iv)

(c)

(i)  (ii) (iii) (iv)
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(d)

(i)  (ii) (iii) (iv)

(e)

(i)  (ii) (iii) (iv)

3 

a)

b)

c)

d)

e)

1.11 (Summary)













 (Eumycota) 
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1.12 (Terminal Questions)

1.

a)

b)

c)

2.

3.

4.

1.13 (Answers)

 1  2

a) iv a) iv

b) i b) i

c) iii c) iii

d) ii d) ii

e) iv e) iv

 3

a)

b)

c)

d)

e)



1. a) 1.2

b) C, H, O, N, S, P, K Mg

Fe, Cu, Zn, Mn Mg Cu, Zn Fe

c)

2. 1.10.1 1.10.2

1.7.3.2

3. 1.8.3.4

4.

1.7.1, 1.7.2 1.7.3



2 Chytridiomycota  Zygomycota

2.0

2.1

2.2

2.3

2.4

2.5

2.6

2.0 (Objecive)











2.1 (Introduction)

(Phylum)

(Oomycetes)

29
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2.2 

(General characteristics, occurance, economic

importance, vegetative structure and life cycle of

chytridiomycota)

(i)

(ii)

(iii)

(iv)

(v)

(vi)

(vii) 

(i)

(ii)

(iii) Monoblepharis

(iv)

Synchytrium 

Rhizophydium

Allomyces Monoblepharis

Orphinomyces

Synchytrium endobioticum
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(wart disease of Potato) Olpidium

brassicae

Big vein

disease of lettuce) Coelomyces 

(Copepods)

[ Synchytrium

]

[ Nowakowskiella

2.1)

(Autolysis)

(Gonapodya)

2.1

 (Synchytrium,
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1

:

(a)

(b)

(c)

(d)

(e)

(f)

(Reproduction) :

(Vegetative reproduction) : 

(Asexual reproduction) : 

Neocallimastigales

(exit papillae) (discharge tube)

Olpidium, Cladochytrium (inoperculate)

Chytridium (Operculate)
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2.2a) (line of weakress)

(operculum)’

Synchytrium,

2.2b) Neocallimastigales

(axoneme) (flagellum proper),

 (transitional zone) (Kinetosome) 2.2d)

(dormant)

(microbody-lipid complex)

MLC’ 2.2d)

(cisterna) [ (rumposome) ]

MLC MLC

Rhizophlyctis harderi)

(Prosporangium)

Monopolar Bipolar

(a)

(b) Olipdium

(c)
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(d) MLC

(e) 

(Sexual reproduction) : 

(a) (Gametogamy) (gametic union) : 

(isogamous conjugation)

Synchytrium)

(anisogamy) Allomyces)

 (oogamy)

Monoblepharella)

(b) (Somatogamy) : 

Chytriomyces hyalinus)

(rhizoidal thallus contributory thallus)

2.2e)

(c) (gametangio-gametongiogamy) :

Zygorhizidium planktonicum

(zoosporangial) (gametangial)

2.2f)

gametangio-

gametangiogamy

Rhizophydium
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(nuclear fusion)
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2.2

(e) (f) Zygorhizidium

(c)

(d) MLC-

(b)

(a)
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2.3

(c)
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(a) 

(b) 

(c)

(d)

Allomyces, 

2.3 

(i)

(ii)

(iii)

(iv)

(v)

(vi)

(i) Rhizopus nigricans 

(ii) Mucor  Rhizopus

(iii) Mucor
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(Reproduction) :

(a) (Vegetative reproduction) : 

(gemma)

Mucor) 2.3a)

(b) (Asexual reproduction) : 

(Sporangiophore) 2.3b)

(Sporangium)

(Sporeplasm)

(Columellaplasm)

(Sporangiospore)

2.3c)

(germtube)

(c) (Sexual reproduction) : 

(strain)

(+) 

(–) (Compatible strain)-

(progametangium)

(gametangium) (Suspensor)
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(Zygote) (Zygospore)

Mucor Rhizopus  Zygorhynchus-

(aseptate)

(germ sporangium)

(meiosporangiospore)

2.4a) (+) (–)

(+)

(d) (Chlamydospore) : 

2.4b)
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2.4

(2n)

R

D

(2n)

‘+’ ‘–’

‘+’ ‘–’

‘erg A’

2.4 (Summary)
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2.5 (Terminal Questions)

1. 

(a)

(b)

(c)

(d)

2.

3.

4.

5.

6.
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2.6 (Answers)

1

a) b)  c)

d) e) f) 

2

a) b) 

c) d) e)

3

a)

b) Allomyces, c)

d)

1. a) 2.2.5.3 (a)  (b) 

(b) 2.2.5.2 

(c) 2.2.5.3 (c)

(d) 2.2.5.2

2) 2.2.5.2 

3) 2.3.5. (c) 

4) 2.3.5 (b)
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3 Ascomycota 

3.0

3.1

3.2

3.3

3.4

3.5

3.6

3.7

3.8

3.9

3.10

3.11

3.12

3.13

3.0 (Objective)













44
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3.1 (Introduction)

Coenocytic

(2n)

(fruit-body or fructification)

(n)

(Ascospore) (Saclike

structure) (Sac fungus)

3.2 (General characteristics)

(i) 

(ii)

(iii) 

(iv) 

(v) 

(vi)

(vii)

3.3 (Natural Occurence)

Massarina aquatica, ÷É±ü±¿õþò± ÕÉ±ßÅÂûþ±¿éÂßÂ±
Phyllochorella oceanica,

(Hypogean)

Tuber melanosporum, (dung or excreta)

(Coprophilous) Ascobolus,
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Peziza (endoparasite)

(ectoparasite)

Erysiphe,

3.4 (Economic Importance)

:

(i) Aspergillus Penicillium

Chaetomium

(ii) Protomyces

macrosporus (gall) Taphrina

deformans (Leaf curl)

(iii) Aspergillus fumigatus

(Aspergillosis)

Gymnoascus

(iv) Claviceps purpurea (ergot)

(Sclerotium)

(alkaloid)

(Ergotism) (Gangrene)

i) Saccharomyces

(Cheese) P. roqueforti

P. camemberti

ii) (Penicillin) [Penicillium notatum

Penicillium chrysogenum ]

(Griseofulvin), P. griseofulvum,

iii) Aspergillus niger
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iv) (coco bean)

v) (enzyme) Aspergillus oryzae

(-amylase) (Protease)

(invertase)

(vi) Morchella sp. Tuber sp.

Morchella conica M. esculenta

Tuber aestivum

(vii) Claviceps purpurea

(viii) (Single-cell protein)

Saccharomyces fragilis Aspergillus 

3.5 (Vegetative structure)

(septa)

(yeasts)

(false) (Pseudomycelium)

3.1a

3.1b

(Mannose)

(fungal tissue)

(Plectenchyma)

3.1  (a) (Pseudomycelium) (b) 
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1

1)

2)

3)

4)

5)

6)

3.6 (Asexual reproduction)

(Blastospore) 

(a) 

(conidiospore or conidium)

(Conidiophore)

Erysiphe

Penicillium 

Phyllactinia

Erysiphe
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Aspergillus 

(Basipetal)

(Acropetal)

Hormodendrum

3.2

Phyllactinia

Penicillium Homodendrum

3.2 : 

Erysiphe

Aspergillus

(b) 

(Chlamydospore)

Taphrina Protomyces

3.3

(c) 
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(Oidiospores or

oidia) (Arthrospores) Ascobolus 3.4

(d) 

(blastospore) (budding

spore)

Saccharomyces cerevisiae

3.5

(e) 

(aleuriospores)

Byssochlamys nivea 3.6

3.3 : 

3.4 : 
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3.7 (Sexual reproduction)

(bipolar) ‘A’ ‘a’

1.6.3.1 Neurospora tetrasperma

Neurospora crassa

3.5 : 

3.6 : 
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(a)

1) (Gametangial Copulation)

Dipodascus

Saccharomyces 3.7

2) (Gametangial Contact)

antheridium

ascogonium
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Sphaerotheca humuli

Pyronema sp. 3.8 3.9

(Trichogyne)

(i)

Sphaerotheca humuli 3.8 a

(ii)

receptive organ

3.8 b

3.8 : 

(iii) Penicillium vermiculatum

3.9

3) (Spermatization)

(Spermatium)
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(receptive hypha)

Neurospora sitophylla Mycosphaerella tulipiferae

3.10

4) (Somatogamy)

+’

Morchella Tuber 

3.11

3.9

Panicillium Vermiculatum 

(+)
(–)

3.10 : Mycosphaerella tulipiferae 3.11 : 
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(b)

(ascospore)

(c)

i) 3.12 :

Schizosaccharomyces Dipodascus 

3.12 

ii) 3.13 :

(Ascogenous hypha)

Pyronema Ascobolus 

(Dikaryon)
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(ascogenous hypha)

(crozier) [Wilson

(1952) (tip-cell)

]

basal cell

penultimate cell)

3.13 : 
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Pyronema confluens,

Geopyxis catinus

(Plicaria succosa)

(d)

(Vesicle)

(envelope)

(Epiplasm)

3.14
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(e)

(Unitunicate)

3.15 Sordaria

(bitunicate) 3.15

(ectoascus) (endoascus)
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(endotunica) Pleospora

3.16 b Trichoglossum

(Operculum)

3.16 a (slit)

Ascozonus 3.16 c

3.18 b

(Tuber)

3.18 a Phyllactinia, Rhyparobius

Philocopra curvicolla,

Fabospora sp. (sickle shaped) Endomycopsis selenospora,

Nematospora sp., Claviceps

purpurea,

Ascobolus furfuraceus,

Neurospora tetrasperma, Pleospora

3.17
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3.8 (Fruitbody or Ascocarp or

Fructification)

(ascocarp)

Paraphysis

(Hymenium)

(Peridium)

3.8.1 

(paraphysis)

(Peridium) (i)

(ii) (iii)

3.19

3.8.2 (Types of Ascocarps)

(i) (Cleistothecium) (ii) (Apothecium) (iii)

(Perithecium) 3.20

(i) :

Erysiphe

3.20a

(Erysiphe graminis, (appendage)

E. pollygoni,

(ii) :

Ascobolus Peziza 3.20 b
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3.19 : 

3.18

3.20

(Sordaria, 

(iii) :

(Ostiole)

(Periphysis) Sordaria Chaetomium

Claviceps 3.20 c
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3.9 (Classification of Ascomycota)

(Ainsworth, 1973) 

Ascomycota

Class : Hemiascomycetes Class : Pyrenomycetes Class : Laboulbeniomycetes

Class : Plectomycetes Class : Loculoascomycetes Class : Discomycetes

 Saccharomyces

Penicillium

Claviceps

Phoma

Laboulbenia

Ascobolus

3.10  (Life Cycle)
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3.21

Schizosaccharomyces octosporus

Saccharomycodes ludwigi

Saccharomyces cerevisiae

3.22

3.21

1. 2.

3. 4.

3.22 :
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2

1.

2.

3.

4.

5.

6.

7.

8.

9. (Tuber)

(Rhyparobius)

10. (Ascobolus) (Sordaria)

(Erysiphe)

11.

3.11 (Summary)
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3.12 (Terminal Questions)

1.

2.

3.

4.

5.

3.13 (Answers)

1

1.

2.
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3.

4.

5.

6.

2

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

1. 3.6

2. 3.6.2a

3.

3.6.2b, c d

4.

3.8.2

5. 3.10
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4 Basidiomycota 

4.0

4.1

4.2

4.3

4.4

4.5

4.6

4.7

4.8

4.9

4.10

4.11

4.12

4.13

4.0 (Objective)











68
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4.1 (Introduction)

3

1 

(basidium)

(basidiospore)

(mushroom)

(toadstool) (puff-ball) (stink horn) (bracket fungus)

(earth-stars), (bird's nest fungus) (Jelly fungus)

4.2 (General characteristics)

(i)

(ii)

(iii)

(iv) (n), (2n) (n+n)

(v)

(vi)

(vii)

(viii)

(ix)

Agaricus sp.

4.3 (Natural Occurence)

Nia vibrissa, 
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(Rust)

(smut) Armillaria mellea

Polyporus

(mycorrhiza)

Russula Tricholoma

4.4 (Economic importance)

Calvatia gigantea

(Calvacin)

(Degradation)

Agaricus bisporus (highly

priced) (edible mushrooms)

Volvariella volvacea

(Pleurotus spp.) Lentinus edodes

Amanita phalloides

Amanita pantherina Amanita verna,

Russula lividus Lepiota morgani

(cereal grains)

Coriolus versicolor Fomes annosus

(white rot) Lenzites

4.5 (Vegetative Structure)

(Primary)

(multinucleate)

(Monokaryotic)

(chitin-



NSOU  6CC-BT-06 _______________________________________________ 71

mannan)

(Dolipore septum) 4.1

(Rust) (Smut)

(Parenthesome)

4.1 (Dolipore)

(Secondary mycelium)

(Tertiary mycelium)

(dolipore)

(clamp)

(Clamp connection)

4.2
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1

a)

4.2

(a) (b)

(c)

(d)

(e)
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b) Nia vibrissa

c)

d)

e)

f)

g)

h)

i)

4.6 (Reproduction)

(fragmentation)

4.3 (oidiospore)

(oidiophore)

(binucleate)

Coprinus cinereus Peniophora

(conidium)

Heterobasidion annosum

4.4 a Puccinia (Uredospore)

4.4b
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(Chlamydospore)

Nyctalis Volvariella
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4.6.1

(tetrapolar) (bipolar),

(i) (ii)

(iii)

(compatible)

(a) 

(i) (ii)

(dikaryotization)

(i) 4.5

(ii) 4.6

(a)

(b)

A.H.R. Buller

(1931)

(Coprinus cinereus)
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(Buller Phenomenon)

4.6 

(a) 

(b) A

4.5 
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(b)

(hymenium)

(basidium)

(basidiospore)

(c)

4.7

(Basidiole)

(Sterigma)

(Hilum)

(Hilar appendix) 4.8

4.7 
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(promycellium)

(Sporidium) 4.9

4.8 

4.9 (Puccinia 

(d)

(club shaped or clavate)

4.10 Pistillaria maculaecola

Agaricus bisporus
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Agaricus Campestris Cyathus Exobasidium

Tilletia

Holobasidium

Phragmobasidium 4.11

Auricularia Exidia

(hypobasidium)

(epibasidium) (Tuning-

fork) Calocera viscosa

4.11 b-d

4.10 (a) Agaricus bisporus Cyathus 

4.11 (a) (b-d) (a) Agaricus (b) Auricularia

(c) Exidia (d) Calocera 
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Coprinus ephemerus

Dacrymyces

4.12

(Ballistospore)

(Statismospore)

*

Cyathus

* 

(Buller's drop)

(rust)

Cronartium ribicola

[ (Corner, 1948);

(Wells, 1965)] Olive, 1964

4.12 

4.7 (Type of Basidiocarp)
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(Paraphysis)

(Cystidium) (Seta)

(i)

(Gymnocarpic) (ii)

(Angiocarpic)

Polyporus,

Auricularia, 4.13

(Pore tube)

Lycoperdon Cyathus

4.14 a 4.14 b

(Gleba)

4.14 a

4.8 (Classification)

(Ainsworth, 1973)
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4.13 

(a) Agaricus (b) Polyporus 

4.14 

(a) Lycoperdon (b) Cyathus 
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Basidiomycotina

Class : Hymenomycetes Class : Gasteromycetes Class : Teliomycetes

Agaricus

Lycoperdon

(Rusts) (Smuts) in case of Teliomycetes 

Ustilago

4.9 (Life Cycle)

4.15
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4.10 (Mashroom cultivation)

Pleurotus sp. Volvarialla sp. Calocybe indica Agaricus bisporus

20–25
o
C 28–34

o
C 28–30

o
C 14–20

o
C

4.15 
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20

2% CaSO
4

6% CaCO
3

200

14

pH- 7

2

a)

b)

c)

d)

e)

f)

g)

h)
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i) Pistillaria maculaecola

(Exobasidium)—

j)

k)

l)

m)

n)

4.11  (Summary) :
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4.12 (Terminal Questions)

1. :

i) i)

ii) ii)

iii) iii)

iv) iv)

v) v)

2.

3.

4.

5.

6.

7.

a) a)

b) b)

c) c)

d) d)

4.13 (Answers)

1

a)

b)
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c)

d)

e)

f)

g)

h)

i)

2

a)

b)

c)

d)

e)

f)

g)

h)

i)

j)

k)

l)

m)

n)

1. (i) _________ (iii)
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(ii) _________ (i)

(iii) _________ (iv)

(iv) _________ (v)

(v) _________ (ii)

2.  

+ –

3. 4.6.1 

4. 4.6.1c

5. 4.7

6. 4.9 

7.

a) a)

b) b)

c) c)

d) d)
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5 Deuteromycota 

5.0

5.1

5.2

5.3

5.4

5.5

5.6

5.7

5.8

5.9

5.10

5.0 (Objective)









5.1 (Introduction)

(Fungi Imperfecti)

(Deuteromycota)

(perfect stage)

90
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(incomplete)

(Form class)

(strain)

5.2 (General characteritics)

(i)

(ii)

(iii)

(iv)

(v)

5.3 (Occurence, Economic Importance)

5.3.1

Alatospora Tricladium

(pathogenic)
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5.3.2

(i)

(Recycle)

(ii) Rhodotorula Pullularia

(iii) (Nematode)

Dactylaria Monacrosporium, 5.1 a

Harposporium, 5.1 b

Arthrobortrys oligospora Nematoctonus

spp.,

(Kennedy and Tapling, 1978)

(Biological control)

(iv)

5.1 (a) Monacrosporium (b)

Harposporium 

A
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Helminthosporium oryzae

Alternaria solani

(Early blight) Fusarium oxysporum

Trichophyton

microsporum Histoplasma

(Histoplasmosis) Geotricum candidum

Candida albicans

(Candidiasis)

5.4 (Vegetative Structure)

Rhodotorula,

1968, Bartnicki Garcia, 1968

(Dolipore)

(Clamp connection)

1

:

1)

Alatospora

2) Rhodotorula

3) Dactylaria

4) Fusarium oxysporum

5)
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6)

7)

8)

5.5 (Reproduction)

(Fragmentation)

(asexual spore)

Rhizoctonia,

[

Fusarium, ] 5.2)

(loosing)

(Subramanian, 1971; Tubaki, 1981; Hawksworth,

1983) (Hyphomycetes)

5.2 
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5.5.1 

(conidia) (Conidiophores)

(fruitbody)

(i) (Synnema) (ii)

(Acervulus) (iii) (Sporodochium), (iv) (Pycnidium)

(i)

Arthrobotryum

Graphium 5.3 (Coremium)

(ii) (pin-

cushion) Stroma

(Colletotrichum)

(seta)

(5.4)

(iii)

(Webster, 1980) Fusarium

5.5

: (cushion) :

(parenchyma)

(Pseudoparenchyma)

5.3 Synnema 5.4 Acervulus 
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(iv) (Ostiole)

Phyllosticta

Dendrophoma,

(labyrinthiform) (beaked)

5.6

5.5 Sporodochium 

5.6 
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5.5.1.1 

(Microconidium) (Macroconidium) 5.7

(amerospore),

(Didymospore), (Phragmospore)

(Dictyospore)

Staurospore Helicospore

(worm like) Scolecospore 5.8

(Arthroconidium)

(Blastoconidium)

(Pycnidiospore) (apical

part) (porospore)

5.7 
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5.5.1.2 

(Thallic) (Blastic)

(i) :

Geotrichum candidum 5.9

(ii) :

(Holoblastic)

(Enteroblastic)

(a) :

Cladosporium

5.8 
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(b) :

(Tretic or poric)

Helminthosporium velutinum,

(Phialidic) (Phialide)

Aspergillus Penicillium

5.9

(a)

(b)

(c)

(d)
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5.6 (Parasexuality)

(Parasexual

cycle)

(Recombination)

(Pontecorvo & Roper, 1952) Aspergillus nidulans

Emericella nidulans

Cochliobolus sativus Schizophyllum

commune Phytophthora, (Buddenhagen,

1958)

(i) :

(Mutation)

(Heterokaryosis)

(ii) :

(heterozygous)

(Parental)

(iii) :

(iv) :

(Homologus)

:

(Homozygous)
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Aspergillus nidulans, A.

niger

(Haploidization)

2n-

1, 2n-2 aneuploid nucleus

(n) 1000 1

Pontecorvo, 1958

(v) :

5.6.1 

(i)
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(ii)

(iii)

5.7 (Classification)

(Ainsworth, 1973)

Deuteromycotina

Class : Blastomycetes Class : Hyphomycetes Class : Coelomycetes

Blastomyces

Helminthosporium

Septoria

2

1)
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2)

3)

4)

5)

6)

7)

8)

5.8 (Summary)

5.9 (Terminal Questions)

1)
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2)

3)

4)

5)

a)

b)

c)

d)

6) (Form class)

5.10 (Answers)

1

1)

2)

3)

4)

5)

6)

7)

8)

2

1)

2)

3)
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4)

5)

6)

7)

8)

1) 5.3.2 

2)

5.3.1

3) 5.5.1.2

4) 5.6

5) a) 5.6.1

b) 5.5.1 (i) (iii)

c) 5.5.1 (ii) (iv)

d) 5.5.1.2 (ii)

6) 5.7
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6 Myxomycota 

6.0

6.1

6.2

6.3

6.4

6.5

6.6

6.7

6.0 (Objective)

6.1 (Introduction)

(Circumpscription limit)

(myxomycetes)

(slime molds)

(Mycetozoa)

(Myxomycetes)

(True Fungi)

(uncertain affinity)

1884 Saccardo

‘‘Myxomycetes’’

Bessey (1950) (Lower Fungi) ‘‘Phycomyceteae’’

106
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(Class) Martin (1961)  Alexopoulos (1962)

(True Fungi) (Division) (Sub-

Division)- 1 (Unit-1) Ainsworth 

(Division)

1983 (Hawksworth)

(Division) 1995

(Phylogonetic) (Kingdom Protists)

(Labyrinthula)

‘‘Net Slime molds’’

[Kingdom Stramenopila (Chromista)] (Phylum) Labyrinthulomycota

(Kirk, 2008)

(Kingdom Protozoa) (Class)

(Kingdom Chromista)

(Labyrinthulomycota, Hyphochytridiomycota and

Oomycota) (Phylum)

AFTOL (Assembling the Fungal

Tree of Life) USA National Science Foundation-

2002 2004-2007

(Phylogenetic)

6.1.1
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6.2 (Classification)

Ainsworth (1973) 4

 (Class)

  (i) (ii) (iii) (iv) 

(i)

(ii)

(iii)

(iv)

6.3 (Vegetative Structure)

(i) 6.1)

(ii)

(iii)

(iv)

(v)

6.3)

(vi)

6.4)
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6.3.1 

Didymium iridis-



(i)

(ii)

(iii) ‘Y’

(iv)

6.5-6.7)

6.1 

6.2 

6.3 
6.4 



6.3.2 

(i)

6.8)

(ii)

6.9)

(iii)

6.10, 6.11)

Lycogala sp., Fuligo sp.-

(iv)

6.12)

Hemitrichia sp.

(v)

Stemonitis sp. 6.13)

6.5 

6.6 6.7 



6.8 (Diachea)
6.9 (Trichia)

6.10 (Lycogala) 6.11 (Fuligo)

6.12 (Hemitrichia)
6.13 (Stemonitis)

6.4 (Summary)



_______________________________________________ NSOU  6CC-BT-06112

Phytophthora

6.5 (Terminal Questions)

1)

2)

3) 

4)

5) 

6) Phytophthora-

6.6 (Answers)

1)

2) 

3) 

4) 

5) 

6)

7) 

8) 

9) 

10) 

1)

2) 6.3

3) 6.3.1
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7 Oomycota 

7.0

7.1

7.2

7.3

7.4

7.5

7.6

7.7

7.8

7.9

7.0 (Objective)

7.1 (Introduction)

(Coenocytic) 

(holocarpic) 

(eucarpic) (Oogamous) 

113
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7.2 (Current status)

1995

Saccardo (1884) (Class)

‘‘Phycomycetes’’ Bassey (1950) (Lower Fungi)

‘‘Phycomyceteae’’, Martin (1961) (Division) (Eumycetes)

(Class) (Phycomycetes) 1962

(Alexopoulos) (Sub division Eumycotina)

(Chytridiomycetes), (Hyphochytridiomycetes)

(Zygomycetes)

(Ainsworth, 1973) (Sub Division

Mastigomycotina)

(Hawksworth, 1995)

[Kingdom Stramenopila (Chromista) (Phylum)

(Hyphochytridiomycota) 

(Labyrinthulomycota)

18s rRNA- (Kirk, 2008)

(Kingdom Chromista) (Phyla)

(i)

(ii)

7.3 (General characteristics)

Pythium oligandrum

(Water mold) 
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-

(intranuclear) 

holocarpic encarpic 

(Oogamous) (gametangial

contact) (Oospore)

Phytophthora infestans Albugo candida 

7.4 (Asexual Reproduction)

Phytophthora infestans 

(Conidia) (apical papilla) 

24oC 

(germ tube) 12oC 

(zoosporangium) (appresorium)

(infection peg) 

7.5 (Sexual Reproduction)

Phytophthora- (gametangial contact) 

strain + –

antheridial branch-

(Oogonial) 

(plug) 

(Zn) (germ tube) 
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(Zoospore) 

( + –) 

7.6 (Life Cycle)

(2n)

Phytophthora

7.7 (Summary)

(Zoosporangium) 

(Zoospore) (appresorium) 

(Oogamous) 
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7.8 (Terminal Questions)

1)

2) 

3) 

4)

5) 

6) Phytophthora-

7) Oomycota'

8)  Oomycota'

9)  Phytophthora'

10)  Phytophthora-

7.9 

1)

2) 7.1

3) 7.3

4) 7.4 Phytoyhthora

5) 7.3

6) 7.2 

7) 7.4 

8) 7.5 
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8 Rhizopus Penicillium 

8.0

8.1

8.2

8.3

8.4

8.5

8.6

8.7

8.8

8.9

8.10

8.0 (Objective)













118
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8.1 (Introduction)

8.2 

(Systematic position, occurence,

economic importance, laboratory culture, vegetative structure of

Rhizopus)

8.2.1 :

(Division) : (Eumycota)

(Sub-Division) : (Zygomycotina)

(Class) : (Zygomycetes)

(Order) : (Mucorales)

(Family) : (Mucoraceae)

(Genus) : (Rhizopus)

8.2.2

(Bread

Mould) (Culture Media)

(Contaminant)

(soft rot)

(Mucormycosis in man)

(Fumaric acid)

(Cortisone) (R. stolonifer)

(R. oryzae)

(Tempeh)
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8.2.3

8 -10

2-3

(Sporangium)

8.2.4

(Coenocytic)

(old)

(i) (Stolon)

(ii) (Rhizoid) (iii) (Sporangiophore)

8.1

(i) (Stolon) :

(ii) (Rhizoid) :

(iii) (Sporangiophore) :

(pin mould)

8.3 (Reproduction)
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8.3.1 (Vegetative Reproduction) :

8.3.2 (Ascanal Reproduction) :

(Aplanospore)

8.3.2.1 (aplanospore) 8.1 

8.2 :

(columella)

8.2 a

8.2 c

8.1

8.2 b

8.3.2.2 :

8.1 Rhizopus 
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8.3.3 (Sexual Reproduction) 8.3 :

Rhizopus sexualis,

Rhizopus stolonifer,

‘+’ ‘–’

(zygophore) 8.3 a

8.3 b, c

(suspensor)

8.3 d

(Telemorphotic)

(zygotropic)

+’ ‘–’

(Thigmotropic)

8.2 Rhizopus 
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8.3 e +’ ‘–’

(Zygosporangium) (Alexopoulos and Mims, 1979) 8.3 f

(Zygospore)

8.3 g

8.3 Rhizopus stolonifer 
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+’ ‘–’

+’ ‘–’

(Promycelium)

(Germsporagium)

(Germspore)

8.3 h

8.4 (Life Cycle of Rhizopus)

+’ ‘–’

8.4

1

1)

2)

3)

4)
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8.4 Rhizopus stolonifer
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5)

6)

7)

8)

8.5 

(Systematic position, occurence,

economic importance laboratory culture, vegetative structure of

Penicillium)

8.5.1

(Division) : (Eumycota)

(Sub-Division) : (Ascomycotina)

(Class) : (Plectomycetes)

(Order) : (Euroticeae)

(Family) : (Eurotiaceae)

(Genus) : (Penicillium)

8.5.2

8.5.2.1 

Staphylococcus P. notatum

1928

8.5.2.2 

P.  italicum
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P. digitatum P.  expansum

P. chrysogenum

(Gram +)

(Gram –)

P. griseofulvum

P. camemberti P.

roqueforti

8.5.3

28-30
0
C 4-5

8.5.4

(80 S)

8.6 (Reproduction of Penicillium)

8.6.1 (Vegetative reproduction)

(Fragmentation)



_______________________________________________ NSOU  6CC-BT-06128

8.6.2 (Asexual reproduction)

(bottle shaped)

(Connective)

P.

spinulosum,

8.5 a

P. expansum,

(Metula) (Ramus)

8.5 b

(Coremium) 7.5 c P. claviforme,

(Penicillus)

(rough)

Blue Mould

Green Mould,

8.6.3 (Sexual reproduction)

Talaromyces Eupenicillium Carpenteles

( 1965, Raper & Fennell, 1965)

P. leuteum (Derx, 1925)
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8.5
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8.6 Talaromyces vermiculatus (Penicillium vermiculatum), 
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8.7 Talaromyces vermiculatus
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(Dangeard, 1907) Talaromyces vermiculatus

P. vermiculatum,

64

8.6 a

8.6 b

8.6 c

8.6 d

8.7 (Life cycle of Penicillium)
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8.7

2

:-

1)

2)

3)

4)

5)

6)

7)

8)
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9)

10)

8.8 (Summary)
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8.9 (Terminal Questions)

1)

(i)

(ii) ‘+’

‘–’

(iii)

(iv)

(v)

2)

3)

4)

5)

6)

7)

8)

8.10 (Answers)

1

1)

2)
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3)

4)

5)

6)

7)

8)

2

1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

1. (i) 8.3.3

(ii)

‘+’ ‘–’

(iii) 8.2.3

(iv)

(v) 8.5.3
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2.

(i) (i) (i)

(ii) (ii)

(ii)

3. 8.3.2 8.3.3 

4. 8.6.2 8.6.3 

5. 8.4

6. 8.7

7. 8.5.1, 8.5.2.2 8.5.4

8. 8.2.1, 8.2.2 8.2.4 
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9 Agaricus Helminthosporium

9.0

9.1

9.2

9.3

9.4

9.5

9.6

9.7

9.8

9.9

9.10

9.0 (Objective)











138
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9.1 (Introduction)

9.2 

(Systematic position, occurence, economic importance

and vegetative structure of Agaricus)

9.2.1

(Division) : (Eumycota)

(Sub-Division) : (Basidiomycotina)

(Class) : (Hymenomycetis)

(Order) : (Agaricales)

(Family) : (Agaricaceae)

(Genus) : (Agaricus)

9.2.2

(Fairy ring)

Agaricus

Marasmius
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A. campestris

A. bisporus A. rodmani

A. xanthodermus

9.2.3

(Dolipore)

4.1

(Pore cap)

‘+’ ‘–

’

(Rhizomorph)

9.3 (Reproduction in Agaricus)

9.3.1 (Vegetative) :

9.3.2 (Asexual) :

9.3.3 (Sexual) :

‘+’ ‘–’ 9.1 e
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+ –

9.1 f

(rhizomorph) 9.1 g

(mycelial knots)

(Button) 9.1 h

9.1 a ‘Button mushroom’

(Stipe) (Pileus)

gill lamellae

(Trama) (Subhymenium)

(Hymenium) 9.1 c

Basidiole

A. campestris

:

(veil)
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‘+’

‘–’ 9.1 c

‘+’ ‘–’ 9.1 d, e

8.4 (Life Cycle)

+ –

‘+’ ‘–’

9.2

1

a) (Agaricus)

b)

c)

d)

e)

f)

g)
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h)

i)

9.5 

(Systematic position, occurence, economic importance

and vegetative structure of Helmnthosporium)

9.5.1

(Division) : (Eumycota)

(Sub-Division) : (Deuteromycotina)

(Form Class) : (Hyphomycetes))

(Form Order) : (Moniliales)

(Form Family) : (Dematiaceae)

(Form Genus) : Helminthosporium

9.5.2

(Glume)

(Victoria blight)

(Black pox) (Blister canker)

1942
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9.5.3

3.1 b

9.6 (Reproduction in Helminthosporium)

9.6.1 (Vegetative reproduction)

9.6.2 (Asexual reproduction)

5.5.1.2

9.3

9.3

(scar)

9.3

Bipolaris

Drechslera Exserohilum

Cochliobolus Pyrenophora

(Setosphaeria)
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9.7 (Life Cycle)

9.4

9.4 Helminthosporium 

2

a)

b)

c)

d)

e)

f)
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9.1 Agaricus 



NSOU  6CC-BT-06 _______________________________________________147

9.2
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9.3 Helminthosporium 
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9.8 (Summary)

9.9 (Terminal Questions)

1.

a)

b)

c)

d)
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e)

f)

2. a)

b)

c)

d)

3.

4.

5.

9.10 (Answers)

1

a)

b)

c)

d)

e)

f)

g)

h)

i)

2

a)

b)

c)



NSOU  6CC-BT-06 _______________________________________________151

d)

e)

f)

1. a)

b)

c)

d)

(Scar)

e)

f) 9.3.3

2. a) 9.2.1 9.5.1

b) 9.2.2 9.5.2

c) 9.2.3

d) 9.6.2

3. 9.4 

4. 8.3.3 

5.



‘+’ ‘–’

‘+’ ‘–’



10 (Lichen)

10.0

10.1

10.2

10.3

10.4

10.5

10.6

10.7

10.8

10.9

10.10

10.11

10.12

10.0 (Objective)

10.1 (Introduction)

1

(Symbiosis)

153
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10.2 (Lichen : Definition)

(Mycobiont) (Photobiont)

(Symbiosis)

(Cyanophyceae)

10.3 (Natural Occurence)

(i) (Corticolous) (Bark) Usnea

Graphis

(ii) (Lignicolous) Chaenotheca

(iii) (Saxicolous) Porina

(iv) (Terricolous) Collema tenax

(v) (Marine) Caloplaca marina

(vi) (Freshwater)

Epheba lanata

(Glass fibre)

Cladonia rangifera
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10.4 (Classification)

(Martin, 1951)

(Form Class) (Miller, 1984)

(Eumycophyta)

 

(Ascolichen) (Basidiolichen)

(Alexopoulos & Mims, 1979)

(i) (ii) (deuterolichen)

(iii) 

10.5 (Vegetative Structure)

10.5.1 

(Hawksworth and Hill,

1984)

(i) (Leprose)

(Substratum)

Lepraria incana

10.1
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(ii) (Crustose)

10.2 a (Cortex)

(Medulla) (Algal zone)

10.2 b

Graphis Buellia

(iii) (Foliose)

Rhizine

(Bryophyta) (Liverwort)

10.3 a

10.3 c Parmelia

(Homoiomerous) 10.3 b Collema

(Heteromerous) 10.3 c

(iv) (Fruticose)

Cladonia, 10.4 b

Usnea 10.4 a

(v) (Filamentous)

Racodium

Ephebe

10.5.2 
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(i) 

(Breathing pore)

(ii) (Cyphella) 10.5 Sticta

Bryoria, Pseudocyphellaria,

Pseudocyphella

(iii) (Cephalodium) 10.6 Solorina crocea,

(Diphycophilous)

(iv) (Isidium) 10.7

Parmelia conspersa

(v) (Soredium) 10.8

Ramalina Parmelia

(Pustule)

(Soralium)

1

a)

b)
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c)

d)

e) Caloplaca marina

f)

g)

10.6 (Reproduction)

10.6.1

Bryoria capillaris

10.7

10.8

(Phyllidium), (Blastidium),

(Schizidium), (Goniocyst) (Hormocyst)

10.6.2
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10.9 10.9 10.10 a 10.10 b

Roccella Cladonia Physcia

10.6.3

10.6.3.1 (Ascogonium)

(Spermagonium)

(Trichogyne)

10.11

10.12

(Spermatium)

(Ascocarp) (Apothecium)

(Perithecium)

10.13

Physcia Graphis

Pyrenula
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10.6.3.2

Cora pavonia

10.14, a, b

10.7 (Economic Importance)

10.7.1

(i) 

(ii) Cladonia rangiferina

Alectoria

Cetraria

Cetraria islandica

(iii) 

(Usnic acid) Usnea Cladonia

Roccella

montagnei (Erythrine) (Angina)

(Protolichesterinic acid)

(iv) Pseudevernia furfuracea
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Evernia prunastri

(recycle)

(v)

Ochrolechia

(Litmus paper)

Roccella montagnei Lasallia pustulata

(Theophrastus) Roccella tinctoria,

(Orchil) (Orcein)

(vi) Cetraria Lobaria

Ramalina

10.7.2 

(i) Cladonia Amphiloma 

(ii)

(iii) Letharia vulpina (Vulpinic acid)

10.8 (Importance in Ecosystem)

(i)

(ii)

(iii)

(iv)

2

a)

b)
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c)

d)

e)

f)

g)

10.9 (Mycorrhiza)

10.9.1

95% 80%

10.9.2

(i) 

(Hartig)

Pinus  Beccaria

(ii) 

(a) (Vesicular Arbascular Mycorrhiza  VAM)

85%

(b) 
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(c) 

(iii) 

(iv) 

10.9.3 

(i)

(ii)

(iii)

Quercus sp. Tuber melanosporum

(iv)

(v)

Monotropa uniflora

10.10 (Summary)
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10.1 

10.2a 

10.2b 
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10.3a 

10.3b 

10.3c :



_______________________________________________ NSOU  6CC-BT-06166

10.4 

10.5 10.6 

10.7 10.8 
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10.9 

10.10 

10.11 
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10.12 

10.13 

10.14 
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10.11 (Terminal Questions)

a)

b)

c)

d)

e)

f)

g)

h)

i) VAM

j)

10.12 (Answers)

1

a)

b)

c)

d)

e)
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f)

g)

2

a)

b)

c)

d)

e)

f)

g)

a)

10.4

b) 10.3

c) 10.5.1

d) 10.5.2

e) 10.6.1

f) 10.6.2

g) 10.6.3.1

h) 10.7

i) 10.9.2

j) 10.9.3
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11  (Terms

and Definitions)

11.0

11.1

11.2

11.2.1

11.3

11.3.1

11.4

11.5

11.6

11.6.1

11.6.2

11.7

11.8

11.8.1

11.8.2

11.9

11.10

11.11

11.12

11.13

11.14

11.15

1115.1

11.16

11.17

11.18

11.19

173
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11.0 (Objective)

10.1 (Introduction)

170 2050

(terms)
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11.2 (Plant Diseases)

11.1

a) (ascent of sap)

b)

c)

d)

e)

f)

g)
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11.2.1 (Classification of Plant Diseases)

1.

2.

(Nutrients)



NSOU  6CC-BT-06 _______________________________________________177

1

i)

ii) 

iii)

iv)

11.3 (Pathogen and Pathogenicity)

(Pathogenicity)
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(nutrients)

(toxin) (host)

11.3.1 (Pathogenesis)

11.4 (Host)

(host)

(morphological) (physiological)

(Primary host)

(Secondary host)
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11.5 (Causal organism)

Causal organism

Causal complex (Causal

organism)

11.6 (Inoculation) (Inoculum)

(Inoculation) (Inoculum)

(Artificial Inoculation)

(Natural Inocultion)

(Inoculum)

11.6.1 (Primary and Secondary Inoculum)
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(Primary Inoculum)

(Secondary

Inoculum)

(Inoculum Potential)

11.6.2 (Primary and Secondary Infection)

Primary Infection)

(Secondary Infection)

11.7 (Penetration)

penetration

a) (Attachment)

b) (Recognition)

Ascobolus

Agaricus

Penicillium
Puccinia

Puccinia

Puccinia
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(Stomata)

(hydathode), (lenticel)

a)

b)

c)

(Susceptibility)

12

11.8 (Infection)

a) (Virulence)

b) (Susceptibility)

c) (Favourable climate)

c) (Compatibility)

(Colonization)

11.8.1 (Visible and Invisible Infection)

(Invisible Infection)

(covered smut)
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11.8.2 (Localized and Systemic Infection)

(localized infection)

(Systemic infection)

(Incubation Period

2

(a)

i)

ii) Inoculum

iii)

(b)

i)

ii)

iii)

(c)

i)
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ii)

iii)

11.9 (Symptoms)

(disease

syndrome)

11.10 (Resistance)

(uniform)

(differential)



184 ______________________________________________ NSOU  6CC-BT-06

(immunity)

(Klendusity)

11.11 (Parasites and Parasitism)

(obligate

parasite)

(facultative parasite)

11.12 (Saprophyte and Saprophytism)

(Saprophytism)

11.13 (Symbiosis)

(Rhizobium)

(Lichen) (Symbiont)
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11.14

(Overwintering or oversummering of pathogen)

(Perennating

stage)

(hypha) (spore)

(Resting spore)

(Sclerotia)

Pythium, Fusarium

(protozoa)

(nematode)

Mucor

Penicillium Ustilago

(endospore)

11.15 (Disease Cycle)
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11.15.1 (Monocyclic, Polyetic and Polycyclic Pathogen)

2

30

(Polyetic)

(Wilting)

11.16 (Koch's Postulate)

(1843 - 1910)

(a)

(b)

(Pure culture)

(c) (pure culture)
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(species) (variety)

(d) (pure

culture)

(Koch's Postulate)

(pure culture)

(protozoa)

(Inoculation)

(Isolation) (Purification)

11.17 (Summary)
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11.1 
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10.18 (Terminal Questions)

1.

2.

3.

a)

b)

c)

4.

10.19 (Answers)

1

i)

ii)

iii)

iv)

2

a) (i) (ii (iii)

b) (i) (ii) (iii)

c) (i)
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(ii)

(iii)

1)

O
2

2) 11.8, 11.8.1 11.1 

3) a) 11.11 10.12 
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b) 11.3 11.3.1 

c) 11.9 

(Table)

4) 11.16 

(Pure culture)
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12  (General Symptoms of Plant

Diseases)

12.0

12.1

12.2

12.3

12.3.1

12.3.2

12.3.3

12.4

12.5

12.6

12.7

12.7.1

12.7.2

12.7.3

12.8 (Nutrients)

12.8.1

12.9

12.10

12.11

12.0 (Objective)









192
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11.1 (Introduction)

12.2 (Identification and Smptoms)

(Syndrome)

(lesional)

(habitual)

(Primary) (Secondary)

12.3 (Types of Symptoms)

12.3.1 (Necrotic)

(Necrosis)
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12.3.2 (Atrophic)

hyperplasia

(Dwarfism)

12.3.3 (Hypertrophic)

hypertrophy

hyperplasia

12.4. (Some neerotic Symptoms)

i) (yellowing)

ii) (browning)

iii) (hydrosis)

Lesion

Lesion

Transmission

Transmission Spread

Spread

Spread
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iv) (wilting)

(Toxin)

v) (spot)

12.1 a

vi) (scorch)

12.1 b

vii) (scald)

viii) (blotch)

12.1 e

ix) (blight)

12.1 f

x) (blast)

(epidemic)
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xi) (die-back)

12.1

xii) (streak)

xii) (spot)

(leaf-spot) (stem-spot) (fruit-spot)

(brown spot) (black spot)

12.1a d

xiv) (spot hole)

12.1 c

xv) (anthracnose)

12.1h

epidemiology

(r)

Polycyclic

r 0.1 0.5

(polycyclic) r 0.02

2.3/ (Dutch Elam)

10 30 2

230
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xvi) (pitting)

xvii) (rot)

 12.2 a



foot rot



 (bud rot)
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 (heart rot)

12.2b

 (sap rot)

xviii) (exudation)

xix) (canker)

(Citrus Canker)

xx) (damping off)

(wet rot)

Pythium Phytophthora
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1

1.

(a)

(b)

(c)

(d)

(e)

2.

(a) (i)

(b) (ii)

(c) (iii)

(d) (iv)

(e) (v)

(f) (damping off)(vi)

12.5 (Some hypoplastic

or atrophic symptoms)

i) (variegation)

ii) (chlorosis)

(12.3a)

iii) (vein clearing)

12.3c
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iv) (mosaic)

12.3b

v) (achromatosis)

vi) (abortion)

(ergot)

vii) (suppression)

viii) (etiolation)

ix) (wrinkling)

12.3e

x) (dwarfing)

12.3d

xi) (rosetting)

12.3f

2

1.

(a)

(b)

(c)
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2.

(a)

(b)

(c)

12.6 (Some hyper

trophic symptoms)

i) (restoration)

ii) (prolepsis)

iii) (alteration)

iv) (abscission)

v) (heterotopy)

vi) (gall)

(wart)

(knot) 12.4a

(club root)

vii) (blister)

12.4c Albugo

viii) (curling)
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ix) (scab)

12.4b

x) (witches broom)

12.4d Taphrina

Corynebacterium

3

1.

a) i)

b) ii)

c) iii)

d) iv)

e) v)

2.

a)

b)

c)

d)

e)

12.7 (Symptoms of diseases caused

due to abnormalities in environment)
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12.7.1 

1
0
C 60

0
C 15

0
C 30

0
C

(Black heart)

12.5

12.7.2 

(Wilting)

(Scorch) (Burn)

12.7.3 

12.1

(O
3
)

(spot)

(PAN)
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(SO
2
)

(NO
2
)

(HF)

(Cl)

(HCl)

(C
2
H

4
)

12.8 

12.6

12.2

(N)

(P)

ATP

(K)
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(Mg)

(Ca)

(S)

(Fe)

(B)

(Zn)

(Cu)

(Mn)

(Mo)
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12.8.1 (Disease Triangle)

   

 

4

1.

a)

b) Wilting

c)

d)

e)

2.

a) i) Cu
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b) ii) P

c) iii) Mg

d) iv) Ca

e) v) B

3.

a) PAN i)

b) SO
2

ii)

c) C
2
H

4
iii)

d) HF iv)

e) Cl v)

12.9 (Summary)

O
3
, SO

2
, HF, NO

2
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12.1 (a) Spot (b)

(c) (Shot hole) (d) Spot (e) (Blotch) (f)

(g) (h)
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12.2 (a) (b)

12.3 (a) (b) Mosaic (c)

(d) (e) (f) (Rosetting)
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12.4 (a) (b)

(c) (d)
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12.5

(a)  (b) (c)

(d)  (e)

 (f) (g) (Scald) (h) Wilting.
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12.6

(a) N  (b) P (c) K  (d) Fe

(e) Ca (f) Ca (g) Mg (h) Zn

(i) Cu
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12.10 (Terminal Questions)

1.

2.

3.

4.

i)

ii) Wilting

iii)

iv)

v)

12.11 (Answers)

1

1. a)

b)

c)

d) Wilting

e)

2. (a) – (iv) (b) – (v) (c) – (ii)

(d) – (vi) (e) – (i) (f) – (iii)

2

1. (a)

(b)

(c)
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2. (a)

(b)

(c)

3

1. (a) (iv)

(b) (ii)

(c) (iii)

(d) (v)

(e) (i)

2. (a)

(b)

(c)

(d)

(e)

4

1. (a) (b) (c) (d) (e)

2. (a) – Ca(b) –B (c) Cu (d) P (e) –Mg

3. (a) – (iii)(b) – (iv) (c) – (v) (d) – (i) (e) – (ii)
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1. 12.3 

12.4 (viii)

12.5

(ii)

12.6 (vi)

2.

12.4 (xvi)

3. 12.5 12.6

4. (i) 12.4 viii

(ii) Wilting 12.4 iv

(iii) Fe, Zn, Cu, Mn, B, Mo

12.2

(iv) 12.1 O
3
, PAN, SO

2

C
2
H

4

(v) 12.7.1



13

(Spread of Diseases and Physiological effects of

Pathogens)

13.0

13.1

13.2

13.2.1

13.2.2

13.2.3

13.2.4

13.2.5

13.3

13.3.1

13.3.2

13.3.3

13.3.4

13.4

13.5

13.6

12.0 (Objective)

216
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13.1 (Introduction)

13.2 (Spread of Diceases)

(larva) (zoospores)

13.2.1 

(rust)

(spores)
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(Powdery Mildew disease) 13.1

13.2.2 

(a) Zoospore

(b)

(c)

13.2.3 

(aphids), (leaf-hoppers),

(white flies) (mealy bugs), (spittle insects), (Thrips),

(beetles) 13.3

(mycoplasma)

13.2

J. G. Leach (1940)

(a)

(b)

(c)
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(d)

(e)

(f) (toxin)

(Anthracnose) (Ergot)

(aphid)

(persistent)

(non-

persistant)

Claviceps purpurea

(Ergot of rye)

(conidia)

Ulmus sp Dutch Elm

13.2.4 

(Tobacco Mosaic Virus)

(blight of Pyrus)
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(Wart disease of potato)

13.2.5 

(a)

(bunt) Tilletia

caries Tilletia foetida

(loose smut) Ustilago nuda

(sclerotia)

endospore

(downy mildew)

Sclerospora Pernospora (Oospore)

(b)

(late blight)

(c)
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(damping off)

(d)

(club rot)

(e)

(bacterial rot of

potato)

1

1.

a)

b)

c) (Tilletia foetida / Sclerospora sp. /

Claviceps purpurea)

2.

a)

b)

c)
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3.

a)

b)

c)

13.3 (Physiological Effects of

Pathogea)

13.3.1 

6CO
2
 + 6H

2
O ——— C

6
H

12
O

6
 + 6O

2
 

(toxin) (tabtoxin) (tentoxin)

(enzyme)

(wilting)
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13.3.2 (Nutrients)

(damping off)

(Crown gall) Agrobacterium

tumefaciens (Clubroot fungus)

Plasmodiophora brassicae

Fusarium Pseudomonas

(rust)

(rust) (mildew)

(Cuscuta relfexa)

13.3.3 
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(growth)

13.3.4 

(1) DNA

RNA (mRNA) (transcription) (2)

(Translation)

(mosaic)

mRNA

RNA

2

1.

a)

b)

c)
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2.

a)

(Wilting)

b) (mosaic) mRNA / DNA

c)

3.

a) i)

b) Agrobacterium tumefasciens ii)

c) (Fusarium sp.) iii)

d) iv)

e) v)

13.4 (Summary)
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13.1 (a) (b) 

(c) (d) 

13.2
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13.3
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12.5 (Terminal Questions)

1.

2.

3.

(a)

(b)

(c)

4.

13.6 (Answers)

1

1. (a)

(b)

(c) Claviceps purpurea

2. (a)

(b)

(c)

3. (a)

(b)

(c)
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2

1. (a)

(b)

(c)

2. (a) (b) mRNA (c)

3. (a) (iii) (b) (i) (c) (v)

(d) (iv) (e) (ii)

13.5

1.

13.2.2

2. J. G. Leach (1040)

(i)

(ii)

(iii)

(iv)

(v) Toxin



3. (i) 13.2.5

(ii) 13.2.5

(iii)

4. 13.3.1 13.3.2



14  (Host-Pathogen interaction)

PART – A :

(Entry of pathogen into host)

14.0

14.1

14.2

14.2.1

14.2.2

14.2.3

14.2.4

14.2.5

14.2.6

14.3

14.3.1

14.3.2

14.3.3

14.4

14.4.1

14.4.2

14.5

14.5.1

14.5.2

14.5.3

14.5.4

14.5.5

14.6

14.7

231
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14.8

14.9

14.10

14.0 

(Toxins)

13.1 (Objective)
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14.2 (Entry of plant Pathogens

within the host)

14.2.1 (Contact)

Inoculation

10

Inoculum

 12

Khew Zentmyer

(1974) (Electrotactic responses)

14.2.2 

(Dormant Phase)
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Fungistasis

(germ tube)

(zoospore)

(stomata)

(lenticel) (wound)

(Nematode) (Wilt Pathogens)

(germ tube)

Botrytis cinerea

(Host-Parasite interactions)

(Signal)

14.2.3 (Entry through natural openings)

(Stomata)

(Lenticel) (Hydathode)

(Nectarthode)
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(a) (Stomata)

10-20m 5-8m

(Substomatal cavity)

Puccinia graminis tritici

(Tomato) Cladosporium fulvum

(Tobacco) Pseudomonas tabaci

(apple or pear) Erwinia amylovora

(spore)

appresorium

haustoria

14.1

(powdery mildew)

(b)
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Penicillium expansum

Streptomyces

scabies

Oospora pustulans

common scab skin scab

(Under ground stems)

(c)

Erwinia amylovora

hydathode

Xanthomonas

campestris

Xanthomonas

oryzae
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14.2.4 (Direct penetration)

direct penetration

(appresorium)

(Penetration

peg)

14.2

scab

*Stylet spear

stylet

14.2

14.2.5 (Penetration through wounds)

*Stylet,
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13.3

14.2.6 (Penetration through root hairs

and buds)

Plasmodiophora brassicae

finger and toe disease (Rhizobium)

Rhizobium

N
2

Taphrina cerasi (cherry) witches broom

(Gaumann, 1950) T. deformans peach leaf curl disease

Uromyces pisi

1

1.

a)

b)

c)
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2.

3.

a) i)

b) ii)

c) iii)

d) iv)

e) v)

13.3 (Chemical weapons of the Pathogen)

(toxin) (growth regulating

hormone) Polysaccharides

14.3.1 (Enzymes)

A. De. Bary

1886 Sclerotinia

De. Bary Experimental

plant pathology

S + E = P + E S

= P = E =
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14.3.2 (Enzymes and Cell Wall Materials)

13.4

S
1
, S

2
S

3
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Puccinia hordei, Pestalotia

malicola 

C
16

C
18

16 18

Penicillium spinulosum Colletotrichum gloeosporioides

Streptomyces scabies

(Cutinase)

(rhamnose)

(Pectinase)

(Endopectinase)

(exopectinase)

(i) [Pectin esterase] PE PME (PE)

(PME)

(ii)

[Polygalacturonase] (PG)

COOCH
3

COOCH
3
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Wood (1960)

PTE C
5

H
+

Helminthosporium turcicum, Puccinia purpurea,

Cercospora sorghi (Vidhyasekaran

et al., 1973)

-

1-4

(Cellulase)

C
1

8Å

40 100

elementary-fibril 20

elementary-fibril

(micro-fibril)

(macro-fibril)

OH

OH

H

H

OH

H

COOCH
3

COOCH
3

COOCH
3

COOCH
3

COOCH
3

COOCH
3 COOCH

3
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C
2

Cx



Rhizoctonia solani Fusarium sp

Chaetomium sp sp

Xyloglucan glucomannan galactomannan

arabinogalactan

(hemicellulase)

(bacterial)

B
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15 38

OH
2
 – OCH

3
= O

103

(white rot fungi)

Hypoxylon deustum Xylaria polymorpha

14.3.3 (Enzymes and protoplasmic materials)

(Wood)

Wood

Heart wood

wood
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20

Phytophthora infestans

Pyricularia oryzae

Fusarium

oxysporum 

(Wilt)

(Oils & fats)

Botrytis cinerea
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N, S P

14.4 (Toxin) (Toxins in Plant disease

development)

Toxin

Wheeler & Luke (1963) Toxin
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14.4.1 

Tabtoxin Tentoxin

ATP

Tabtoxin or Wildfire toxin Pseudomonas syringae

‘Wild fire’

Tentoxin Alternaria alternata Alternaria tenuis

(seedlings) (chlorosis)

ADP  ATP

Phaseolotoxin Pseudomonas syringae
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14.4.2 

Victorin HV- Helminthosporium victoriae

(oat-Victoria)

T-Toxin T-

(Helminthosporium maydis)

(corn)

35 45

AK-Toxin Alternaria alternata

K
+

PO
4
 =

(Oryza sativa)

IR-8
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AM-Toxin AM- Alternaria alternata

‘Cyclic depsipeptide’

AM-

2

1.

(a) (b) (c) (d)

2.

3.

14.5 (Hormones in disease development)

14.5.1  (Auxin)

3

(IAA) (IAA)

(Auxin) Auxein
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IAA

- 3 -

RNA

IAA

(Clubroot of Cabbage) Plasmodiophora brassicae

Phytophthora infestans Wilt

Fusarium oxysporum

IAA IAA

Pseudomonas solonacearum

Wilt 100

Agrobacterium tumifaciens

DNA

DNA

IAA

IAA

14.5.2 (Gibberellin)

Gibberella

fujikuroi
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E

(GA)

GA

GA

(Dwarfism)

GA

GA

14.5.3 (Cytokinin)

(Kinetin)

(Zeatin)

Club root gall, crown gall, rust gall

1920

Gibberella

1926

1935

1954

CO

COOH

OH

CH
2CH

3

HO
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14.5.4 (CH
2
=CH

2
)

Pseudomanas sp.

14.5.5 (Abscisic

acid)

(dormancy)

TMV

wilt, Verticillium Wilt

14.6 (The growth and spread

of the pathogen inside host tissue)

(colonization)

(ABA)

dormancy

dormin

1967
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intracellular mycelium

intercellular mycelium

14.5a

Taphrina

14.5b

20 30 20 30

Escherichia coli (Colon

bacterium)

20

Thiobacillus

40

60

= 24 E. coli.

(Lysis)
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(lysis)

300 600

10 12

14.5c

14.7 (overwintering and / or oversummering)

CO
2

14.6

(14.8)

3

1.

a)

b)

c)

2.

a) i)

b) ii)

c) dormancy iii)

d) iv)

e) v)

3.

a)

b)
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c)

14.8 (Summary)

(endospore)

endospore
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14.1 (a)

(b)

(c)

14.2

haustorium
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12.3 (a) (b)

14.4 (a)

(b)
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14.5 (a)

(b) (c)
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3rd Print3rd Print

14.6 (a)

(b)

(c)
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14.9 (Terminal Questions)

1.

2.

3.

a)

b)

c)

d)

e)

14.10 (Answers)

1

1. a)

b)

c) Erwinia amylovora

2.    

3. (a) (iii)

(b) (i)

(c) (ii)

(d) (v)

(e) (iv)
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2

1.

(a) Streptomyces scabies

(b) Rhizoctina solani

(c) Helminthosporium  turcicum

(d) Xylaria polymorpha

2.

(a)

(b)

(c)

(d)

(e)

3.

Pseudomonas syringae

Alternaria alternata ADP  ATP

Alternaria tenuis

Pseudomonas sp.
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3

1. (a) Plasmodiophora brassicae

(b) Phytophthora infestans

(c) Agrobacterium tumifaciens

2. (a) (v)

(b) (ii)

(c) (i)

(d) (iii)

(e) (iv)

3. (a)

(b) 10 12 

(c)

1.

14.3.2 (a)

2.
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(i)

PE PG

PTE Wood

3. (a) 14.6

(b) 14.7

(c) 14.5.1 Agrobacteriam tumifaciens

(d) 14.4.2

(e) 14.3.2
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14 (Defence Mechanism of Plants)

Part - B

14.11

14.12

14.13

14.13.1

14.13.2

14.14

14.14.1

14.14.2

(i)

(ii)

(iii)

(iv)

(v)

(vi)

(vii)

(viii)

(ix)

(x)

14.15

14.15.1

14.15.2

264
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14.15.3 R avr 

14.15.4

14.15.5

14.16

14.17

14.11 (Objective)

(SAR) (ISR)

(dominant) 

(avirulent) 

14.12 (Introduction)
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14.13 (Structural mechanism of Defense)

(a)

(b)

14.13.1 

(epidermis)

(i)

(wax)

(cuticle)
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(ii) (hairs)

(iii)

(iv) (Stomata)

(guard cell)

(Nerium sp.)

14.11

(v) (tissue)
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(Sclerenchyma)

(bundle cap)

(vein)

14.12

14.13.2 (Defence induced by the Pathogen)

(Tissue)

(Histological Defence Structures)

(Cellular Defence Structures)

(Cytoplasamic Defence Reaction)

(Hypersensitivity)

(Histological defence)

(Formation of Cork layers)

14.3 14.4 (Tuber)
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Venturia inaequalis

(Formation of Abscission layers)

Abcission layer

14.5

(epidermis)
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(lamina)

(Malus sp) (Pyrus sp)

(Tyloses Formation)

(Trachea or Vessel) (Trachied)

(Sieve tube)

(Stress and strain)

14.6

(Resistance) (Susceptibility)

(Deposition of Gums)

Physalospora cydonia

14.7

(Cellular defence)

(fibrillar and amorphous)
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trap

Cladosporium cucumerinum

(Phenol)

(Callose papilla)

14.8

Sheath (Lignituber)

(Cytoplasmic Defence Reactions)

(clump)
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(Hypersensitive response)

14.9

(Necrotic

lesion)

1

1.

(a)

(b)

(c)
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2.

(a) (i)

(b) (ii)

(c) (iii)

(d) (iv)

(e) (v)

3.

(a) _________________________________________________________

(b) _________________________________________________________

(c) _________________________________________________________

14.14 (Biochemical defence and metabolism)

(attachment) (recognition)

(non-host)
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(variety)

14.14.1 

(Inhibitors Released by the Plant

in its Environment)

(Fungitoxic) Botrytis

sp

(Catechol)

Colletotrichum circinans

(Catechol)

smudge

(Defence through lack of essential factors)

(recognition)

(recognition factor)

(attachment)
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(Lectin)

(Toxin)

(Toxin)

(receptor)

Rhizoctonia

(hyphal cushion)

(soft rot) Erwinia carotovora

(Inhibitors present in plant cells before

infection)

(resistance)

(Saponine)

(Tomatine) (Avenacin)

Botrytis sp.

2

1.

(a)

(b)

(c)
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2.

(a) (i) Colletotrichum circinans

(b) (ii) Rhizoctonia sp.

(c) (iii) Erwinia carotovora

3.

(a) (i)

(b) (ii)

(c) (iii)

14.14.2 (Metabolic Defence induced by the

attacking pathogen)

(Biochemical Inhibitors)

(Fungitoxic)

(chlorogenic acid) (caffeic acid)

(Phytoalexin)

(Production of increased levels of phenolic

compounds)

common phenolic

(Phytoalexins)
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(i) (Common Phenolics)

(Scopoletin)

(ii) (Phytoalexins)

20

(Phaseolin) (Pisatin)

(glyceollin) (Rishitin)

(gossypol)

(elicitor)

(specific)

Suppressor

(non-pathogen)

(Pisum

sativum) Ascochyta pisi 

(Strain)

(Pisatin) Strain

Phytophthora megaspema Strain

HO
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Colletotrichum sp. Phytophthora infestans

Strain

(non-pathogenic) Strain

strain

strain

(1)

(strain) (strain)

(2) 

(combination)

(Pisatin) Pisum sativum Sclerotiana fructicola

(Phaseollin) Phaseolus vulgaris S. fructicola
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(Kievitone)

(Orchinol) Orchis militaris Rhizoctonia repens

(Ipomeamarone) Ipomea batatas

Ceratocystis fimbriata

(Isocoumarin) Daucus carota C. fimbriata

(gossypol) Gossypium hirsutum Verticillium albo-artum

(Rishitin) Solanum tuberosum Phytophthora infestans

(Trifolirhizin) Trifolium pratense Helminthosporium turcicum

(Medicarpin) Medicago sativa H. hirsutum

(Cicerin) Cicer arietinum Ascochyta rabiei

Muller Boerger (1940)

1.

2.

3.

4.

5. (Resistant) (susceptible)

6.

7.

]
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(iii) (Role of Phenol Oxidising

Enzyme)

(Polyphenol oxidase)

(quinone)

(Peroxidase) 

(iv) (Role of Induced Enzyme)

PAL Phenylamine Ammonia Lyase

PAL

PAL

(v) (Formation of Substrates Resisting Enzyme

of the Pathogen)

(vi) (Inactivation of Pathogen Enzyme)

(Pectinase)

Monilinia sp.

Botrytis sp.

Diplodia sp.

(vii) (Release of Fungitoxic Cyanides) Sorghum,

cassava flax
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(HCN)

HCN

(viii) (Detoxification of Pathogen Toxin)

(Fusaric

acid) (Pyricularin)

Helminthosporium sp, Periconia sp. Alternaria sp.

(ix) (Pathogonesis-related (PR) protein) :

16 PR-Protein

PR1 PR2 (-1, 3-glucanase 

PR3 (Chitinase, PR4 (

 PR6 PR-protein

(x) (Induced Resistance)

Tobacco Mosaic
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Virus TMV (inoculation)

TMV (Phytophthora)

(Pseudomonas tabaci) (aphids)

strain (Heat

killed)

(local induced resistance)

(Systemic

induced resistance)

(Lag period)

Aspirin Salicylic

(arachidonic acid), (Jasmonic acid), 

(2, 6-dichloroisonicotinic acid), 

(polyacrylic acid) (localized) (Systemic)

(hypersensitive)

b-protein

b-protein

actinomycin-D (30
0
C – 35

0
C)

b-protein b-protein

b-protein

PAL

14.15.1 (SAR) (ISR)

(induced resistance) 

(Systemic Acquired Resistance / SAR) 
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(Induced Systemic Resistance / ISR)

(HR) 

TMV 

(Systemic Acquired Resistance / SAR) 

(Systemic Acquired Resistance / SAR) : SAR

(virulent), (avirulent), 

SAR (changes in gene expression)

SAR [ Phytophthora

parasitica, Cercospora nicotianae Peronospora tabacina ; 

(TMV) (TNV); Pseudomonas syringae

pv tabaci Erwinia carotovora ] 

SAR 

SAR ‘SAR 

SAR SAR 

(compatible host-parasite) (incompatible host-

parasite) (incompat-

ible host) ‘SAR 

(compatible host) 

SAR 

SAR SAR 

‘SAR [ PR-1, PR-2 (-1,3 glucanase),

PR-3 (Chitinase), PR-4, PR-5...., ‘SAR 8.2’ ] SAR 

“SAR 

Salicylic acid (SA) 



284 ______________________________________________ NSOU  6CC-BT-06

Arabidopsis nahG 

SA 

Arabidopsis) SA 

nahG Arabidopsis

salicylate hydroxylase (SA) (catechol)

(free) SA Arabidopsis 

SAR 

SA 

MeSA) 

SA 

(SAR) Isonicotinic acid (INA), 2,6-dichloroisonicotinic acid, Benzo

(1,2,3) thiadiazole-7-carbothioic acid S-methyl ester (BTH) 

Arabidopsis SAR 

(Induced Systemic Resistance / ISR) : 

SAR 

(PGPR PGPA 

ISR SAR 

SA 
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PR- SA-

(SA-independent) 

(jasmonic acid / JA) 

Pseudomonas fluorescens, P. putida, Bacillus sp. (B.

subtilis, B. pasteurii, B. cereus, B. pumilus, B. mycoides) (strain) 

Arabidopsis 

PGPR PGPA 

(induced resistance) 

rhizobacteria-induced

systemic resistance (RISR) Pseudomonas sp., Bacillus sp.

O-

antigenic side chain, pseudobactin sidrophores Arabidopsis SA-

(ISR) (SAR)

PGPR PGPA 

(elicitor) 

(jasmonic acid / JA SA- (SA - dependent) 

SAR SAR 

‘SAR 

PR- SAR- PR- SAR-

GABA (-amino butyric acid) INA, BTH 

ISR SAR 

 (continuous irritation) ISR SAR 
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14.15.2

(true resis-

tance) 

‘R (R gene resistance) 

(race specific) (monogenic) 

(quantitative) (polygenic) 

(races) 

(host-pathogen) (interaction) 

(incompatible host-parasite) 

R 

R1R2, R1R3, R1R2R3 
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R 

14.15.3 ‘R’ ‘avr’ 

(concept of ‘R’ gene and ‘avr’ interaction) :

(virulence) 

(Flor) (gene for gene hypothesis) 

(Linseed

of rust, caused by Melampsora lini) 

(powdery mildew) 

(dominant) ‘R’ 

(recessive) ‘r’ (virulent)

‘a’ (avirulent) ‘A’ 

(avirulent) (dominant) 

(plant varieties) (dominant) ‘R’ (recessive) ‘r’

(races) [

(avirulent) ‘A’ (virulent) ‘a’ ] 

R r 

AR (-) Ar (+)

A

a aR (+) ar (+)
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R A 

Ar 

A 

‘aR’ A 

R ‘ar’

‘a’

(non-specific) (pathogenicity) 

(pathogen) 

(avirulent)” 

(avr A) R R 

avr A (clicitor) 

(HR) 

(avirulence) (A) / (virulent) (a) 

(R) / (susceptible) (r) 
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(avirulent / avr) 

avr (elicitor) R

(signal transduction 

(HR) 

avr 

Phytophthora infestans 

avr ‘inf1’ (Magnaporthe grisea)- avr 

‘PWL1, PWL2 inf1’ 

R 

(Linum usitatissimum) L6 [

R AL6

(avirulent avr) ] 

14.15.4 (Effectors - recognition and evasion)

(necrotrophs) 

(biotrophs) 

(hemibiotrophs) 

(innate immunity) 

(Pattern - Triggered Immunity PTI) 

(Effctor-triggered immunity ETI PTI 

(effector) ETI

(resistance proteins)

(Pathogen Associated Molecular

Patterns PAMPs) [ DNA, dsRNA, ssRNA, 
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] (Microbe-Associated

Molecular Patterns MAMPs) [ 

Tu (elongation factors Tu), ] 

(Pattern Recognition Receptors PRRs) 

(Pattern - Triggered Immunity PTI) 

(immunity) 

(Effector-triggered immunity

ETI) ETI 

(HR) 

(nucleotide-binding receptor with leucine-rich sequences NLRs) 

NLRs 

(dimerization) ETI 

PTI 

effector 

N-

(domain), GPI (Glycosylphosphatidylinositol) 



NSOU  6CC-BT-06 _______________________________________________ 291

(downstream immune) 

(host-pathogen) (interaction)

(evading / bypassing) (immunity) 

(host immune

signal transduction) 

III (proteases), (phosphatases) 

(programming) 

(transcription-

activator like effector TALE) 

(immunity)

(host chromatin remodeling)

RNA (RNA silencing complex) mRNA 

(mRNA splicing regulatory systems) 

14.15.5 (Concept of coevolution) :

(coevolution) 
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R

Avr 

(Arms race hypothesis)

(Trench warfare hypothesis)

R - Avr - (positive selection) 

R - Avr - 

(genetic) 

Magnaporthe

oryzae R-Avr Piz-t-AvrPiz-t, Pi54-

AvrPi54 Pita-AvrPita Piz-t, Pi54 AvrPita 

AvrPiz-t, AvrPi54 Pita 

R/Avr (Trench warfare hypothesis)

3

1. (i)

(ii)

(iii) elicitor

(iv) SAR SAR 

(v) nahG 

(vi) SAR 

(vii) MAMPs 

(viii)  NLR 

(ix)

2.  

(i)
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(ii)

(iii)

(iv)

(v)

(vi)

(recessive) 

(vii)  

(viii) PTI 

(ix) 

14.15 (Summary)

Susceptibility

20
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sp.14.4

14.5

14.6
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14.7

14.8

14.9 Phytophthora sp.

(a) (b) (c)

(d) (e)



NSOU  6CC-BT-06 _______________________________________________297

14.16 (Terminal Questions)

1.

2. (non-pathogen)

(pathogen)

3.

a)

b) PAL

c)

d)

e)

4.

5.

6.

7.

14.17 (Answers)

1

1. (a)

(b)
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(c)

2. (a) – (iii)

(b) – (i)

(c) – (ii)

(d) – (v)

(e) – (iv)

3.

(a)

(b)

(c)

2

1. (a)

(b)

(c)

2. (a) – (iii)

(b) – (i)

(c) – (ii)

3

1. i) (a)

(b)

ii)

(a) Pisum sativum
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(b) Solanum tuberosum

(c) Phaseolus vulgaris

iii)(a)

(b)

2. i)

1. 14.2.2 

 

 



(i) (ii)

Toxin (iii)

(iv) Venturia
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2.

Muller Boerger (1940)

Ascochyta pisi Pisum sativum

3.
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15 (Control of Plant Diseases)

15.0

15.1

15.2

15.2.1

15.2.2

15.3

15.3.1

15.3.2

15.4

15.4.1

15.4.2

15.4.3

15.4.4

15.5

15.5.1

15.5.2

15.5.3

15.6



302 ______________________________________________ NSOU  6CC-BT-06

15.6.1

15.6.2

15.7

15.8

15.9

15.0 (Objective)

15.1 (Introduction)
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(infectious) (non infectious) 

(Regulatory methods)

(Cultural methods)

(Physical and chemical methods)

(Biological methods or Biological control)

(1) (Avoidance) (2) (exclusion) (3) (eradication)

(4) (Protection) (5) (immunization)

(Cultural

methods)

(Chemical methods)

(Physical)

(Biological)
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IPM 

15.2 (Cultural Methods)

(Stevens) 1960

15.2.1 (Avoidance of Pathogen)

(a)

Tylosporium penicillariae

Claviceps microcephala

(ergot)

(b)

(inculum build-up)

(c)

(downy mildew)

(d) (Disease escaping variety) (Disease

resistant) (disease escaping)
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early maturing variety Puccinia graminis

tritici

(e)

(f) (Modernization of Cultural Practices)

(mixed cropping)

Garren

Duke 1957

Brooks Dawson 1968

Rhizoctonia bataticola

Phyllosticta phaseolina

(g) (Quarantine)

1
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- 1

1. 1830

Phytophthora infestans

2. (Powdery mildew)1845

Uncinula necator

3. 1910

(Blister rust of pine)

Cronortium ribicola

4. 1878

(Downy mildew of grapes)

Plasmopara viticola

5. 1907

(Citrus canker)

Xanthomonas citri

6. 1918

Pyricularia oryzae

2 

2

1. Hemileia vestatrix 1879

(Leaf rust of Coffee)

2. Phytophthora infestans 1880

(Late blight of Potato)

3. Urocystis tritici 1906

(Flag smut of wheat)

4. Sclerospora phillipinensis 1912

(Dowry mildew of Maize)

5. Pyricularia oryzae 1918

(Paddy blast)
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6. Phytophthora nicotianae 1938

(Black shank of Tobacco)

7. Virus 1940

(Crown gall of apple)

8. Synchytrium endobioticum1955

(wart disease of potato)

9. Urocystis cepulae 1958

(Onion smut)

1912

1914 Destructive insects and Pests act

1951 50

Plant Protection Convention

1.

2.

FAO Food and Agriculture Organization

3.
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(i)

(ii)

(iii)

(iv)

(v)

(vi)

1

1.

a)

b)

c)

d)

e)

2.

3.

15.2.2 (Eradication of the pathogen by

cultural methods)

1.

2. Puccinia
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graminis Barberis

vulgaris

3.

Wilt

4.

5.

60
0
C

6.

(fumigation) (heat or chemical treatments)

2

1.

a)

b)

c)

d)

e)

2.

a)

b)

c)

d)
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15.3 (Biological Control Measures)

15.3.1 

( ) (Suppresive Soil)

Fusarium sp, Phytophthora sp., Pythium sp.

Penicillium,.

Trichoderma Pseudomonas Bacillus

(antagonism)

(i)

(ii)

(iii)

(iv)

( ) (Trap Plant)

(Aphid)

Aphid

Aphid

Aphid

( ) (Antagonistic Plants)
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15.3.2 

(Antagonistic microorganism)

( )

Heterobasidion annosum

Peniophora gigantea

Wilt Fusarium oxysporum,

strain

Penicillium

Botrytis

Penicillium

digitatum

Trichoderma

(Mycorrhizae)

Phytophthora cinnamoni

( )

Agrobacterium
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tumefaciens

Agrobacterium radiobacter

Bacillus subtilis

Pseudomonas

Bacillus

subtilis Monilia fructicola

Pseudomonas Bacillus

Pseudomonos syringae

Pseudomonas

( )

(Bacteriophage)

3

1.

a)

b)

c) Penicillium

d)

e) Bacillus

2.
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3.

(i) Heterobasidion sp (a) Bacillus subtilis

(ii) Botrytis sp (b)

(iii) Phytophthora sp (c) Agrobacterium radiobacter

(iv) Agrobacterium tumefaciens (d) Penicillium

(v) Monilinia fructicola (e) Peniophora

15.4 (Physical Methods of Disease Control)

15.4.1 

(a) (Sterilization)

50
0
C

60
0
C 72

0
C

82
0
C TMV

100
0
C

82
0
C

(b) (Hot

water treatment)

52
0
C 10

(c) (Hot air treatment)

28
0
C 32

0
C 2

Rhizopus (Mould)
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15.4.2 

Alternaria, Botrytis

360mm

(ultraviolet filter)

15.4.3 

15.4.4 

UV X 

4

1.

a)

b) (Smut)

c)

d)

e)

2.

15.5 (Chemical methods of plant disease

control)
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15.5.1 

(Protectant)

(eradicant)

(lime water) (essential oil)

7 14

2 15 15.1

(damping off)

(fumigation)

0.5–1.0 10–20 (Clorox)

70

(lanolin) (resin) (gum) 10 : 2 : 2



316 ______________________________________________ NSOU  6CC-BT-06

SO
2

(Borax) (Thiabendazole) (Sulphur)

(Benzoic acid)

15.5.2 (Chemicals used in disease control)

(Bordeaux mixture)

16

8 8 : 8 : 100 10 : 10 : 100

(Sulfur) (powdery

mildew) (leaf blight)

1 6 30
0
C

(dithiocarbamic acid)

 (-N=C=S)

group (-SH)

(Thiram)
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(Ferbam)

Z-78 (Zineb)

Zinc M-22

(Maneb)

(Quinones)

(dichlone)

H

H

H
C

C N C S

S

Zn

N C

H S

H SH

H

H

H

C

C

H H S

CN

CN

H S

S

S

Ma

H
3
C

H
3
C

N C S S C N

S S
CH

3

CH
3

H
3
C

H
3
C

N C S Fe

3

S



(Aromatic)

(Hexachlorobenzene) HCB

PCNB Rhiozoctonia,

Sclerotiana Plasmodiophora

(Dichloran) (Botran) DCNA

Rhizopus Penicillium

(Chlorothalonil) (Bravo)

(biphenyl) (aromatic compound)

Penicillium, Botrytis

(Heterocyclic)

–NH
2

– SH

(i) (Captan)

Cl

Cl

Cl Cl

Cl

NO
2



(ii) (Captafol) (difolatan)

(iii) (Iprodione)

(iv) (Vinclozolin) (Ornalin) (vorlan)

Botrytis, Monilinia, Sclerotinia



(i) (Chloroneb) 1, 4 2, 5 Rhizoctonia

Phytophthora cinnamoni

 (Systemic) 1963 (Oxathin) 

(CH
3
)
2

CH
3

CH
2

H
3
CO

OCH
3
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(i)

(ii)

(iii)

(iv)

(i) (Benomyl)

Mycosphaerella

(thiabendazole)

(ii) (Terrazole) 5 3

Phytophthora Pythium

(iii) (Oxathiins)

(Rust and

smut)

(Vitavax)

(Imazalil) (Prochloraz),

(Trifoline)

 (Antibiotics)

C
2
H

5
O

CCl
3
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(Streptomycin), (Tetracycline)

(Cycloheximide) Streptomyces griseus

(i) (Streptomycin)

(ii) (Tetracyclines)

(iii) (Cycloheximide) (Actidione)

(mildew)

(Growth regulators)

(Kinetin)

(Halogenated hydrocarbons) D-D

EDB MB 1940

1980

(Organophosphates) (Thimet) (Disyston),

(Mocap)

(Carbamate) (Carbofuran)

(Choline estarase)
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5

1.

(a) (i)

(b) (ii)

(c) (iii)

(d) PCNB (iv)

(e) (v)

2.

PCNB

15.5.3 (Precautions)

10,000 7

H
3
C

CH
3

CH
3

CH
3

CH
3

CCl
3

C
2
H
5
O

NO
2
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9

FDA Food and Drug Association EPA

Environment Protection Agency

15.6 (Integrated Pest Management /

IPM) (Integrated Disease

Management / IDM)

15.6.1

IPM 

IPM 

IPM
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IPM 

Sclerotium spp., Fusarium spp., Colletotrichum spp., Diplodia spp. 

(fumigation) 
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(hoja blancs of rice) 

TMV 

15.6.2

(target specific) 

(cultivar) (plant-

incorporated protectants) (Agro-Ecosystem

Analysis AESA) 

IPM 

6
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15.7 (Summary)

15.8 (Terminal Questions)

1.
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15.1

(a) (c) (d)

(a) (c) (d) (e) (f) (g) (h)

(i) (j)

(a) (b) (c) (d)
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2.

3.

4.

5.

6.

7. A

15.9 (Answers)

1

1.(a) 15.2.1a

(b) 15.2.1c

(c) 15.2.1d

(d) 15.2.1f

(e) 15.2.1e

2. 15.2

3. 15.2

2

1.(a) Destructive insects and Pests act (1914)

(b) 26 

(c)

(d)

(e) 1918, 
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2.(a) Puccinia graminis

(b)

(c)

(d) 60
0
C

3

1.(a)

(b)

(c) Botrytis sp

(d)

Phytophthora

(e)

2. (i)

(ii)

(iii)

3. (i) (e) (ii) d

(ii) (b) (iv) c

(v) a

 4

1. (a) 82
0
C

(b) 52
0
C, 11 

(c)

(d) Botrytis, Alternaria

(e)

2. 15.2
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 5

1. (a) ............... (iv)

(b) ............... (iii)

(c) ............... (v)

(d) ............... (i)

(e) ............... (ii)

2. (a) ............... 

(b) ............... 

(c) ............... PCNB

1. 15.2.1 

  



2. 15.3 

3. 15.5.1 15.5.3 

4. 15.5.2 
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16 (Some common plant diseases)

16.0

16.1

16.2 (Late blight of Potato)

16.2.1

16.2.2

16.2.3

16.2.4

16.2.5

16.2.6

16.3 (Brown spot of Rice)

16.3.1

16.3.2

16.3.3

16.3.4

16.3.5

16.3.6

16.4 (Black stem rust of Wheat)

16.4.1

16.4.2

16.4.3

16.4.4

16.4.5

16.4.6

16.5 (Stem rot of jute)

16.5.1

16.5.2

16.5.3
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16.5.4

16.5.5

16.5.6

16.6

16.7

16.8

16.0 (Objective)

16.1 (Introduction)
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16.2 (Late blight of Potato)

(Solanum tuberosum)

16.2.1 (Occurrence and Importance)

(North Andes)

1830-40

1842

1845

40

1845-46

1870 1880 1909

1899-1900

1901-02

1913 1928

1933 1943

16.2.2 (Symptoms and Etiology)
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16.1a

1 cm

16.1b

16.2.3 (Causal organism)

Phytophthora

infestans

16.1c (Sporangiophore)

16.1d (sporangium) 7 30

(germ tube) 

(Zoospore) 16.1e

(germ tube)

(Clinton) 1911 (artificial culture medium)

(oospore) (Murphy) 1927

(Barret) 1948
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16.2.4 (Pre-disposing Factors)

90

25
0
C

12
0
C 14

0
C 28

0
C

(germ tube) 16

18
0
C 9

0
C 26

0
C 21

0
C

28
0
C

15 20 

9-10 (Pathogenicity)

2 3

a)

b) 10
0
C

c)

d) 24 0.1

16.2.5 (Disease cycle)

(Perennating stage)
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a)

b)

c)

d) (mycoplasm)

e) (fruit body)

f) (Sclerotia)

(a) (b)

(sporangiophore)

(sporangia)

(infection hypha)
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16.2.6 (Control measures)

1.

2.

3.

4.

5.

90 1 : 1000

6.

2 4
0
C.



(i)

6 6 8
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(Bordeaux mixture)

4 : 4 : 50 6 : 6 : 50

15 21 2 3

(cupravit), Fycol  8E, (Perenox)

- 50 (Blitox-50) 0.2 0.5

D-14 Z-78

2.5

2. (dusting)

12½ 50

3. (use of resistant variety)

physiological race

0 1, 3, 4 Solanum

demissum Phytophthora infestans

S. demissum

1

1.

(a)

(b)

(c)

(d)

(e)
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2.

(a)

(b)

(c)

(d)

(e)

16.3 (Brown spot of rice)

16.3.1 (Occurrence and Importance)

(Oryza

sativa L.) (Leaf spot)

(Helminthosporium disease)

1922

a)

b)

c)

16.3.2 (Symptoms)



340 ______________________________________________ NSOU  6CC-BT-06

1-14  0.5-3

16.2a

(halo)

(leaf sheath)

(glume)

16.2b

16.3.3 (Causal organism) (Etiology)

Helminthosporium oryzae Breada deHaan.

(Perfect stage), Cochliobolus miyabeanus (Ito and

Kurbay.) Dickson 

(mycelial mat)

(Conidia)

16.2c

5 10 16.2c

5615 () 10420

() x

(Toxin) Helminthosporium oryzae (Cochliobolin)

(Toxin)
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(Proteolytic enzyme)

16.3.4 (Predisposing Factors)

4.0 8.0

27 – 28
0
C 90 – 99

0.4 – 14.4

(deep sowing)

21 26
0
C 92.5

25 30
0
C 92

16.3.5 (Disease cycle)

Leersia hexandra Echinochloa

colona (Collateral host)

Cynodon sp. Setaria sp

(germ tube)

(infection hypha)
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16.2d

16.3.6 (Control measures)

i)

Helminthosporium

Leersia sp. Cynodon sp.

ii)

iii)

3

55
0
C 10

iv) (Nystatin)

(Gresiofulvin)

v)

i) (5 : 5 : 50) 0.2 Z 78

0.1% (Hinosan) 1% Bla-S,

0.2%

ii) (dusting) 0.1%

3

4
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iii) Helminthosporium

IR-24 (Singh &

Sharma, 1975)

2

1.

2.

3.

4.

a)

b)

c)

5.

6.

16.4 (Black stem rust of Wheat)

Puccinia graminis var tritici Eriks. and Henn.

(yellow or stripe rust) Puccinia striiformis West.

P. recondita Rob. ex Desm.

16.4.1 (Occurrence and Importance)

(Persoon, 1797) 1797

Puccinia graminis

1865 (De Bary)
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16.4.2 (Symptoms)

red rust

(Uredosorus)

(Teleutosorus) black

rust;

(Sorus)

halo

(uredospore) 16.3 a

(Teleutospore)

16.3a

Berberis vulgaris (Barberry plant)

16.4a

(Aecia

and aeciospore) 16.4a

(hypertrophy)

16.4.3 (Causal organism and Etiology)

Puccinia graminis var tritici (Triticum

aestivum) 
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obligate parasite

3.5 ()

(haustoria)

Puccinia graminis

(uredium)

(Telia)

16.3d

(germ tube) 4

16.3e

(Sterigamata)

+

Barberis vulgaris (germ tube)

(monokaryotic)

(Pycnia)

(Ostiole) 16.4a b
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(spermatia)

(Flexous

hypha)

(+) (+) (+)

(+)

(+) (–)

(+) (–) (Receptive hypha)

(dikaryotization) (–)

(+) (–)

(Aecium) (aeciospore)

(dikaryotric)

(heteroecious) (macrocyclic) (Polymorphic)

16.4.4 (Predisposing Factors)

18 21
0
C
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16.4.5 (Disease cycle)

18

(+) (–)

(+) (–) (+) (–) (+)

(–)

(dikaryotic phase)

n+n

n+ n

14 18

2n 16.5

16.4.6 (Control measures)

A.

i)

ii)

iii)
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iv) (Poaceae)

(viable)

Briza minor

B.

i) (dichlone) (Zineb)

Puccinia 4 10

(maneb)

75 0 5

14

ii) (Acidione)

(Sulphadiazine) (Sulphapyrazine)

(Sulphapyridine)

C.

i)

ii)

iii)

iv) (deep sowing)

3

1.

a)

b)

c)

d)

e)
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2.

(a) (i)

(b) (ii)

(c) (iii)

(d) (iv)

(e) (v)

3. n n+n

2n

16.5 (Stem rot of Jute)

16.5.1 (Occurrence and Importance)

(Corchorus capsularis L)

16.5.2 (Symptoms)

(damping off)

(necrotic)

16.6b
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(pycnidium)

(bast fibre)

16.6a

(Shredding)

(fruit body)

16.6 c

16.5.3 (Causal organism and Etiology)

Macrophomina phaseolina (Tissi) Goid  (= M.

Phaseoli (Maubl.) Ashby) 

(cortex)

16-17

() 6-10 () 16.6d

Rhizoctonia bataticola (Tab.) Butlar

40-85 ()

16.5.4 (Predisposing Factors)

18
0
C

16.5.5 (Disease cycle)
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4 5

16.7

16.5.6 (Control measures)

A.

i)

ii)

iii) NPK

iv)

B.

i) (5:5:40 )

ii) (Agrosan) GN,

4

1.

(a)

(b)

(c)

(d)

(e)
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2.

(a)

(b)

(c)

(d)

(e)

16.6 (Summary)

(i)

Phytophthora infestans

(ii) Helminthosporium oryzae

(iii)

Puccinia graminis

(iv)

Macrophomina phaseolina
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16.1

(a) (b) (c)

(d) (e)
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16.2

(a) (b) (c)



NSOU  6CC-BT-06 _______________________________________________355

16.3
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16.4

(a) (b) (c) (d)
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16.7 (Terminal Questions)

1.

2.

3. Puccinia graminis var tritici

4.

16.8 (Answers)

1

1. (a)

(b)

(c)

(d)

(e)

2. (a) Phytophthora infestans

(b) 90% 25
0
C

(c)

(d)

(e)

2

1.

2. Helminthosporium oryzae

Cochliobolus miyabeanus

3.
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4. (a) 25 – 30
0
C

(b) 21 – 26
0
C

(c) 4.0 – 8.0

5. Leersia sp Echinochola sp.

6. IR-24

3

1. (a) Puccinia graminis var tritici

(b)

(c) Triticum aestivum; Berberis vulgaris

(d)

(e)

2. (a) – (i)

(b) – (iii)

(c) – (iv)

(d) – (v)

(e) – (ii)

3. n

n+n 

2n 

4

1. (a) Macrophomina phaseolina

(b)

(c)
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(d)

(e)

2. (a)

(b)

(c)

(d)

(e)

1. 16.2.2 16.2.6

(a) (b) (c)

2. 16.3.3 16.3.5

3.

n+n (2n)

   

   

4. 16.5.2, 16.5.1 16.5.6
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17

(Concept of plant

disease epidemics, examples and their socio-economic

impact) :

17.0

17.1

17.2

17.3

17.3.1

17.3.2

17.3.3

17.3.4

17.4

17.5

17.6

17.7

17.8

17.9

17.10

17.0  (Objective)

360
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17.1 (Introduction)

17.2

(epidemic) (epidemiology) 

17.3

(susceptibility of host), (virulent pathogen)
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17.3.1

17.3.2

(virulence factor) – 
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(inoculum) 

Puccinia

graminis tritici 

(downy mildew) Plasmopara viticola 

17.3.3

(Fusarium oxysporum f. sp. vasinfectum) oC 

17.3.4
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(cultural practices) – 

(monoculture), 

Xanthomonas campestris pv. campestris 

17.4

(necrotic lesions), 

(disease progress curve)’ 
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(monocyclic disease) 

‘S’ (polycyclic disease) 

(bimodal) 

(necrotic lesions) 

(dispersal or disease-gradient curve)’ 

(a) (b) (c) 

(d) 
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(epidemic rate) (growth rate) 

‘r’ 

(rate curve)’ 

(bell shaped), 

(asymmetrical) 

17.5

‘EPIDEM’ 

(Alternaria solani) (early blight) 

CERCOS [

(Cercospora blight of celery)], MYCOS [ (Mycosphaerella

blight of chrysanthemums)], EPICORN [ (southern corn leaf blight caused

by Helminthosporium maydis)], EPIVEN [ (apple scab caused by Venturia
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inaequalis), BLITECAST [ {late blight of potato caused by

Phytophthora infestans) EPIDEMIC 

(stripe rust of

wheat) 

(PCR, RAPD, SCAR 

(GIS), (GPS), (Remote sensing), 

(IT) 

17.6

(typhus) 

(brown spot disease of rice)’
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Phytophthora infestans

Helmithosporium oryzae

Cochliobolus oryzae)

Hemileia vastatrix

Pyricularia oryzae

Colletotrichum falcatum

Rice tungro bacilliform

Virus + Rice tungro

spherical virus

Banana bunchy top

virus (Babuvirus)

Barley yellow dwarf

virus

Citrus tristeza virus

(Closterovirus)
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Xanthomonas oryzae

pv, oryzae

Sclerospora graminicola

Fusarium oxysporum

f.sp. cubense

% 

17.7
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EPIDEMIC 

17.8

17.9

17.10

17.1 

17.3 17.4 

17.5 

17.6 
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NOTES
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NOTES
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