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Topic-1 

Chara 

Systematic position 

 

Chara is aquatic attached to muddly or sandy bottom of the pools, lakes and slow flowing 

streams. Plant body consists of an erect branched axis which may grow to 20-30 can. The axis 

has district nodes and internodes. From each node arise a whorl of laterals of limited growth 

called leaves. From the axis of some leaves branches of unlimited growth may arise. Each branch 

bears nodes and internodes. Plant is attached to substratum by colourless branched multi-cellular 

rhizoids which arise from lower nodes of axis.. Each cell has a cell wall made up of cellulose and 

deposit calcium carbonate. They contain a single nucleus, dense cytoplasm with many discoid 

chloroplasts. 
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Reproduction: In Chara it takes place by vegetative and sexual method. 

1. Vegetative reproduction: It takes place as under: 

(i) By amylum stars: a star-shaped propagative body densely filled with starch and formed 

about the lower nodes of certain species of Chara. They can give rise to new plant but their exact 

mode of development is not known. 

(ii) By bulbils: Some of the rhizoids or lower nodes may form bulbils which also give rise to 

new plants when detached. 

(iii) By Protonena formation: Some on the nodes protonema like branches are developed and 

they also form new plants. 

2. Sexual Reproduction: 

It takes place by male and female reproductive organs called globule (antheridium) and nucule 

(oogonuim). Mostly species are monoecious, a few may be heterothallic or dioecious. 

Two structures are found just aposed at a node, nucule (Female sex organ) being above the 

globule( Male sex organ). 

 

                                

                                                                     Structure of Sex organs: 
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The main axis of Chara consists of nodes and internodes. From nodes arise branches of limited 

growth. This also possesses nodes and internodes. The sex organs are developed on the nodes of 

these branches.  

Structure of the globule or Antheriduim: Mature globule or antheriduim is circular in outline 

and green when immature becomes red or orange in colour during maturation. Wall of globule 

consists of eight shield cells. From the centre of each shield cell there arise a rod like out-growth 

the manubrium which bears at its upper end primary capitulum cells which may form secondary 

and tertiary cells. Secondary capitulum cell bear, branched uniseriate spermatigenous filaments 

which are divided into small segments by transverse septa. Each segment functions as a single 

antheriduim. Cytoplasmic contents of each segment give rise to single speematozooid or 

antherozoid. Each antherozooid is spirally coiled and biflagellate structure. 

Development of Globule: 

Globule like male reproductive organ arises in the axis of branches of limited growth from single 

superficial cell. This cell cuts off one or two discoid cell at its basal and then becomes spherical. 

The lower two cells form a pedicle while the upper cell enlarges in size and becomes 

hemispherical in shape. Upper spherical cell divides by two longitudinal and one transverse 

division to form octant ( 8 celled structure). This octant divides by two curved plates or shields 

and form wall of globule. As the shield cells mature they develop red pigments and radial in 

growths. Middle eight cells elongate form a rod shaped manubrium which projects imward from 

the centre of curved shield cells. Each of the inner eight cells becomes a primary capitulum 

borne at the tip of manubrium. Each primary capitulum buds off about 4 to 6 secondary 

capitulum cells which may further give rise of tertiary and quaternary ones. From each capitulum 

cell develop antheridial filament. Each antheridial filament consists of about 200 discoid cells the 

antheridia. Within each antheridium is produced single elongated spirally coiled and biflagellate 

antherozoid. When the globule or antheriduim is mature the shield cells fall apart and the 

antherozooids are liberated by gelatimisation of antheridial walls or through a pore formed in 

each antheridial cell. 
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Structure or Nucule or Oogonuim: 

Nucule or Oogonium is short stalked body attached to the body of primary lateral or leaf or 

dwarf shoot or branch of limited growth just above the antheridium. A mature oogonium consists 

of a large oval or elliptical egg surrounded by a cover of five tubular cells which make two or 

more clockwise spiral turns around it. From the upper end of each of the tubular cells a cell is cut 

off forming the crown or corona of oogonium. 

Development of Nucule: 

Oogonuim or nucule, the female reproductive organ develops in the axil of the branches of 

limited growth on the ad axial side. It develops from single superficial ad axial cell. This cell 

under goes two divisions to form three cells the lower most cell elongates and forms pedicel, the 

middle cell gives rise to five peripheral cells and upper most act as oogoial mother cell. Each 

peripheral cell divides to form upper cell Corona cell and lower larger cell tube cell. Five Corona 

cells elongate many times become spirally coiled around oogonium. Nucule when mature, tube 

cells separate from one another below corona to form five small shits for entrance of 

antherozooids. 

Structure and stages of development of Globule of Chara 
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Fertilization: Tube cells of oogonium separate thus forms slit. Antherozoids enter by slits, only 

on succeeds in the formation of oospore or zygote. 

Germination of Zygote: Zygote secretes a coloured wall around it and undergoes a period of rest 

within oogonium. It falls from plant sinks to bottom of pond where it germinates after few 

weeks. 

 

Stages of devevelopment of Nucule of Chara-structure 
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Diagrammatic life cycle of Chara 
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Topic-2 

Chlamydomonas 

Systematic position: 

Division: Chlorophyta 

Class: Volvocales 

Order: Chlorophyceae 

Family: Chlamydomonadaceae 

Genus: Chlamydomonas 

The cells of most Chlamydomonas species are more or less oval and feature a noncellulosic 

membrane (theca), a stigma (eyespot), and a usually cup-shaped chloroplast. Although 

photosynthesis occurs, nutrients also may be absorbed through the cell surface. Asexual 

reproduction is by zoospores. Sexual reproduction is by formation of gametes. The development 

of motility, sexual differentiation, and gamete fusion seems dependent on the production of 

substances (termones, gamones) that have a regulatory action similar to hormones. 

Structure 

The plant body is thallus, which consist of single biflagellated cell. It is about 10-30 micron in 

length. It is usually oval or oblong in shape. The cell organelles are mitochondria, dictyosomes, 

endoplasmic reticulum, ribosome and nuromotor apparatus. It has the following main 

demarcations. 

Cell wall 

The protoplast is covered by a distinct cell wall. The cell wall is thin and transparent. It is 

cellulose in nature, but some species also contain hemicelluloses, hydroxyproline-rich 

glycoproteins.  

Contractile vacuole 

There are two contractile vacuoles situated in the cytoplasm at her anterior end of the cell, near 

the base of flagellum. These contract alternatively to expel water. Its main function is 

osmoregulatory. 
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Chloroplast 

There is a cup shaped chloroplast is present in the cell. It is a sac like structure enclosing a 

granular matrix called stroma. It contains the chlorophyll pigments. A Pyrenoid is also present in 

the cell wall. The reserve food material is starch. 

Eye spot 

Each cell has a single eyespot towards the outer face. It is red in color. The main function of the 

eye spot to detect the direction and intensity of the light 

Flagella 

The protoplasm is provided with two long, whip like flagella. They are of whiplash type with a 

9+2 arrangement of the component fibrils. They are locomotary organ and the energy for 

locomotion is derived from ATP. 

Nucleus 

The single nucleus is located centrally, near the anterior end. It is embedded in the cytoplasm 

that fill in the hollow of chloroplast cup. The nucleus has a distinct nucleolus. 

 

                  

 

Electron microscopic view of Chlamydomonas 
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Asexual Reproduction 

Asexual reproduction takes place by zoospore formation. In growing season, the parent cell 

come to rest. The flagella are reabsorbed, contractile vacuole disappear and protoplast withdraw 

from the cell wall. The cytoplasm, chloroplast and the nucleus divided along a longitudinal plane 

into two daughter protoplasts. Then the division comes to transverse with respect to cell as 

whole. In this way, usually four daughter protoplasts may be formed. The chloroplast is halved 

along with the pyrenoid at each successive division. One daughter cell receives the eye spot of 

parent, the other forms it afresh. The aflagellate daughter protoplast remains bound within the 

parent wall. These daughter protoplasts within the original cell wall look like a colony. Each 

daughter protoplast acquires a cell wall, develop flagella of its own, the vacuole reappears. They 

resemble with the parent but small in size. The parent cell wall ruptures and the daughter cell are 

released and termed as zoospores. The daughter cells soon grow to the full size and repeat the 

process. 

Under unsuitable conditions the motile cell come to rest and loses flagella. The protoplast 

divides into 4-8 cells and fails to develop flagella and fail to escape. They remain together in the 

parent cell wall which become mucilaginous and swell up. Each daughter cell continually 

divided and a colony of considerable size contains numerous cells embedded in common 

mucilage. This assembly of cell is known as palmella stage. When condition become suitable the 

cell become motile and escape from the mucilage and grow to the parent size. 

Sexual Reproduction 

Sexual reproduction in Chlamydomonas varies through a wide range. 

 It ranges from isogamy to anisogamy and even primitive type of oogamy. 

In isogamy, the fusion of gametes similar in size form and structure and thus are called the 

isogametes. The sexual fusion takes place between biflagellate gametes coming from the same 

parent cell. The fusion gametes are motile, naked and smaller in size. At the time of gamete 

formation, the cell withdraws its flagella and comes to rest. The protoplast of cell then divided to 

form 16, 32, or 64 daughter protoplast It is pear shape in form and has no cell wall. The gametes 

release in water and swim for a while Finally they come near each other and fuse in pairs either 

end to end or side by side. The cytoplasm and nucleus fuses with each other. They come to rest, 

retracts its flagella, rounds up and secretes a thick wall around it to become a zygospore. It tides 

over unfavorable conditions. 

When the conditions become suitable it germinates. The diploid nucleus undergoes meiosis to 

form four haploid nuclei. The haploid nuclei are eventually incorporated into meiospore which 
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are motile. At this stage, the zygospore wall crakes liberating the spores having two flagella. The 

meiospore then grow to an adult Chlamydomonas cell. 

 

 

 

                         

 

 

 

 

 

Asexual and Sexual life cycle of Chlamydomonas( Diagrammatic view) 
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Topic-3 

Ectocarpus 

Systematic position 

Class Phaeophyceae 

Order: Ectocarpales: 

Family: Ectocarpaceae: 

Genus: Ectocarpus 

 

Ectocarpus is a brown alga. It is abundantly found throughout the world in cold waters. A few 

species occur in fresh waters. The plant grows attached to rocks and stones along coasts. Some 

species are epiphytes on other algae like members of Fucales and Laminaria. Ectocarpus 

fasciculatus grows on the fins of certain fish in Sweden. Ectocarpus dermonemcnis is 

endophytic. Ectocarpus carver and Ectocarpus spongiosus are free- floating. 

Vegetative Structure 

Structure of thallus 

Genetically the thalli may be haploid or diploid. But both the types are morphologically alike. 

The thallus consists of profusely branched uniseriate filaments. It shows heterotrichous habit. 

There are two systems of filaments. These are prostrate and projecting system. The filaments of 

the projecting system arise from the filaments of prostrate system 

a) Prostate system: The prostrate system consists of creeping, septate, irregularly branched 

filaments. These filaments are attached to the substratum with the help of rhizoids. This system 

penetrates the host tissues in epiphytic conditions. Prostrate system is poorly developed in free 

floating species.  

b) Projecting system: The projecting system arises from the prostrate system. It consists of well 

branched filaments. Each branch arises beneath the septa. The main axis and the branches of the 

projecting system are uniseriate. In this case, cells are joined end to end in a single series. The 

branches terminate into an acute point to form a hair. In some species the older portions of main 

axis are ensheathed (corticated). This sheath is formed of a layer of descending rhizoidal 

branches. 
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Cell Structure 

The cells are small. They are cylindrical or rectangt lar and uninucleate. 

the cell wall is thick It is composed of three layers composed of pectic-cellulose. Algin and 

fucoidan are also present in the cell wall. These are characteristic gelatinous substances of tne 

walls of brown algae. 

The chromatophores may ribbon-like with irregular outline or disc- shaped. The dominant of 

Ectocarpus is fucoxanthin. It gives this algae golden brown colour. The other photosynthetic 

iigments are chlorophyll-a, -c, beta.carotene and other xanthophylls.―Pyrenoid-like bodies-are 

associated with the chromatophores. 

Reproduction 

Ectocarpus reproduces by both asexual and sexual methods. 

Asexual reproduction 

The asexual reproduction takes place by the formation of biflagellate zompores. These zoospores 

may be haploid produced in one-celled unilocular sporangia. Or they may be diploid formed in 

manycellod  plurilocular sporangia. Both kinds of sporangia are present on the same diploid 

sporophyte plant. The sporangia are borne terminally and singly on lateral branches. 

(a)     Unilocular Sporangia 

A unilocular sporangium develops from a terminal cell of a short lateral branch. Unilocular 

sporangial initial enlarges in size. It becomes globose or ellipsoidal. The number of 

chromatophores also increases in it. 

The nucleus of the sporangium divides meiotically to produce four haploid nuclei. These nuclei 

undergo repeated mitotic divisions to produce 32-64 daughter nuclei. The cytoplasm of the 

sporangium divides. 

A small amount of cytoplasm surrounds a nucleus and a chromatophore to produce daughter 

protoplasts. Each daughter protoplast metamorphoses into a meiozoospore (produced by 

meiosis). Meiozoospore is pyriforrn and biflagellate. The flagella are laterally inserted and are of 

unequal size. The larger one directed forward and the smaller one is directed backward. An 

apical pore is formed in the gelatinous mass of sporangia. The meiozoospores come out of this 

pore. 
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These are separated from each other after few moments. They swim freely in all directions. A 

new sporangium may be produced within the old sporangial wall after the liberation of 

zoospores. 

(b)     Plurilocular Sporangia 

 

The plurilocular sporangia are stalked or sessile. These are elongated, cone-like multicellular 

structures. These also develop from a terminal cell of a short lateral branch. The sporangial 

initial enlarges in size. It undergoes repeated transverse mitotic divisions. It produces a vertical 

row of 6-12 cells. These cells then divide by vertical and transverse divisions repeatedly. They 

form a cone-like structure. This cone consists of hundreds of small cubical cells. These cells are 

arranged in 20-40 transverse tiers. Each cell represents a sporangium. The protoplast of each cell 

metamorphoses into a single mitozoospore (produced by mitosis). The mitozoospore is pear-

shaped, diploid and biflagellate. The flagella are of unequal size and are laterally inserted. The 

mitozoospores are liberated through a terminal or a lateral pore. This pore is formed in the wall 

of the sporangium. 

a) Germination of meioszoospores: The zoospores formed in unilocular sporangia 

(meioszoospores) swarm for some time they then come to rest on some solid object. They 

withdraw their flagella and secrete a membrane around then. They germinate and form a small 

germ tube. This tube is separated from the meiozoospore cell through a septum. This germ tube 

divides and re divides. It forms the prostrate system of plant. The projecting system arises from 

the filaments of the prostrate system. The new plant form is haploid. The meiozoospores develop 

into a gametophytic plant. Therefore, these spores are also called as gonozoospores. 

b) Germination of mitozoospores: The zoospores produced in plolurilocular sporangia are 

mitozoospores. They develop in the same manner as the meiozoospores. But they are diploid. 

Therefore, they develop into a diploid sporophyte. Therefore, the mitozoospores are also called 

as neutral spores.  

Isomorphic alternation of generation: Ectocarpus exhibits an alternating heteromorphic type 

of sexual life cycle with isomorphic alternation of generation. Morphologically similar 

multicellular gametophyte and sporophyte generations are easy to identify in cultures under 

laboratory conditions, where the gametophytes are free floating and sporophytes form compact 

thalli that are attached to the substratum. 
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Plurilocular sporangia 

Diagrammatic life cycle 
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Topic-4 

Albugo 

Systematic position 

Class: Oomycota 

Order: Albuginales 

Family: Albuginaceae 

Genus: Albugo 

Vegetative Structure of Albugo: 

Thallus is eucarpic(having only part of the thallus transformed into a fruiting body or 

sporangium eucarpic algae eucarpic fungi) and mycelial. Hyphae are intercellular, coenocytic(an 

organism made up of a multinucleate, continuous mass of protoplasm enclosed by one cell wall, 

as in some algae and fungi), aseptate and profusely branched. Cell wall is composed of fungal 

cellulose(a form of chitin). The protoplasm contains a large number of nuclei distributed in the 

cytoplasm.  

Reserve food material is in the form of oil drops and glycogen bodies. Some mycelium is 

intracellular in the form of knob-like haustoria for the absorption of food material from the host 

cells. The ultrastructure of haustoria is studied by Berlin and Bowen (1964). 

It can be differentiated into two parts: 

(a) Haustorial head, and 

(b) Narrow stalk. 

The cytoplasm of the head of haustorium is densely packed with mitochondria, ribosomes, 

endoplasmic reticulum and lipid inclusions but nuclei are absent. 

The base of the haustorium is surrounded by a collar like oeath which is an extension of the host 

cell wall. Between the haustorium and the host plasma membrane is an encapsulation. Within the 

plasma membrane of the haustorium lomasomes are more numerous than in the intercellular 

hyphae. 
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Reproduction in Albugo: 

The fungus reproduces both by asexual and sexual methods . 

Asexual Reproduction: 

The asexual reproduction takes place by conidia, condiosporangia or zoosporangia. They are 

produced on the sporangiophores. Under suitable conditions the mycelium grows and branches 

rapidly.  

After attaining a certain age of maturity, it produces a dense mat like growth just beneath the 

epidermis of the host . These hyphae produce, at right angles to the epidermis are short, thick 

walled, un-branched and club shaped. These are the sporangiophores or conidiophores. 

 

They form a solid, palisade like layer beneath the epidermis . They are thick walled on lateral 

sides and thin walled at tip. The sporangiophores contain dense cytoplasm and about a dozen 

Knob like haustoria of Albugo- the structure which 

helps in making contact with the host  
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nuclei. After reaching a certain stage of maturity, the apical portion of sporangiophore gets 

swollen and is ready is cut off a sporangium or conidium . 

The sporangia are produced at the tip by abstraction method. A Deeping constriction appears 

below the swollen end and results in the formation of first sporangium. A second sporangium is 

similarly formed from the tip just beneath the previous one . 

This process is repeated several times. The new nuclei migrates from mycelium to cytoplasm and 

are used in the formation of another sporangium or conidium. Thus along chain of sporangia or 

conidia is formed above each sporangiophore in basipetal succession. (youngest at the base and 

oldest at the tip) .  

The sporangia or conidia are spherical, smooth, hyaline and multinucleate structures. The walls 

between them fuse to form a gelatinous disc-like structure called disjunctor or separation disc or 

intercalary disc.  

It tends to hold the sporangia together. The continued growth and production of sporangia exerts 

a pressure upon the enveloping epidermis. Which is firstly raised up but finally ruptured 

exposing the underlying sours containing white powdery dust of multinucleate sporangia or 

conidia . 

The separation discs are dissolved by water, and the sporangia are set free. They are blown away 

in the air by wind or washed away by rain water under suitable environmental conditions and 

falling on a suitable host, sporangia germinate with in 2 or 3 hours. The sporangia germinate 

directly or indirectly depending on temperature conditions. 

1. Direct Germination:  

At high temperature and comparative dry conditions the sporangium germinates directly. It gives 

rise to a germ tube which in-fact the host tissue through stoma or through an injury in the 

epidermis. 

2. Indirect Germination: 

In the presence of moisture and low temperature (10°C) the sporangium germinates indirectly 

i.e., it behaves like zoosporangium and produces zoospores. It absorbs water, swells up, and its 

contents divide by cleaving into 5-8 polyhedral parts depending upon the nuclei present in it. 

Each part later on rounds up and metamorphoses into zoospore . A papilla is developed on one 

side which later burst and liberates the zoospores. 

Zoospore: The zoospores are uninucleate, slightly concavo-convex and biflagellate. The flagella 

are attached laterally near the vacuole. Of the two flagella one is of whiplash type and the other 

tinsel type . After swimming for some time in water, they settle down on the host. 
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They retract their flagella, secrete a wall and undergo a period of encystment. On germination, 

they put out a short germ tube which enters the host through stomata  or again infects the healthy 

plants. 

 

 

 

 

Sexual Reproduction: 

It takes place when the growing season comes to an end. The mycelium penetrates into the 

deeper tissues of the host. The sexual reproduction is highly oogamous type. The antheridium 

and oogonium develops deeper in the host tissue in close association within the intercellular 

spaces.Its formation is externally indicated by hypertrophy. The antheridium and oogonium are 

formed near each other on hyphal branches. They are terminal in position, however, intercalary 

oogonia also occur, though rarely. 

Antheridium: 

Stages in the mode of Asexual reproduction in Albugo 
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It is elongated and club shaped structure. It is multinucleate (6-12 nuclei) but only one nucleus 

remains functional at the time of fertilization in C. candidus. However, in C. bliti and C. 

portulace it is multinucleate at the time of fertilization and all the nuclei (nearly 100) remain 

functional. It is paragynous i.e., laterally attached to the oogonium . It is separated by a cross 

wall from the rest of the male hyphae. 

Oogonium: 

It is spherical and multinucleate containing as many as 65 to 115 nuclei. All nuclei are evenly 

distributed throughout the cytoplasm . As the oogonium reaches towards the maturity the 

contents of the oogonium get organised into an outer peripheral region of periplasm and the inner 

dense central region of ooplasm or oosphere or the egg . The ooplasm and periplasm are 

separated by a plasma membrane. 

The nuclei in the oogonium divides mitotically. The first mitotic division takes place before the 

organization of the periplasm and oosplasm . After the organization, all the nuclei of the 

ooplasm, except one, migrate to the periplasm forming a ring and undergo second mitotic 

division. They divide in such a manner that one pole of each spindle is in ooplasm and the other 

in the periplasm. 

At the end of the division one daughter nucleus of each spindle goes to the oosplasm and other in 

periplasm . However, at the time of maturity, all nuclei disintegrate, except single functional 

nucleus .  

Fertilization: 

Before fertilization a deeply staining mass of cytoplasm,  appears almost in the centre of the 

ooplasm. This is called coenocentrum. It persists only up to the time of fertilization. The 

functional female nucleus attracted towards it and becomes attached to a point near it. 

The oogonium develops a papilla like out growth at the point of contact with the antheridium. 

This is called as receptive papilla . Soon it disappears, and the antheridium develops a 

fertilization tube.It penetrates through receptive papilla, oogonial wall and periplasm and finally 

reaches upto the ooplasm . It carries a single male nucleus. Its tip ruptures to discharge the male 

nucleus near the female nucleus. Ultimately the male nucleus fuses with the female nucleus 

(karyogamy). 

Oospore: 

The oospore alongwith the fusion nucleus is called oospore . In C. tragopogonis and C. candidus, 

one male functional nucleus fuses with one female functional nucleus. So, the oospore is 

uninucleate. However, in C. portulaceae and C. bliti, oospore is multinulceate. consisting of 

nearly 60 functional nuclei.The same number of functional male nuclei are discharged by the 
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fertilization tube. Both male and female nuclei fuse, and the oospore produced in these species in 

multinucleate. Such oospore is called a compound oospore. 

The oospore on maturity secretes a two to three layered wall. The outer layer is thick, warty or 

tuberculated and represents the exospore. The inner layer is thin and culled the endospore. 

Germination of oospore: 

With the secretion of the wall, the zygotic nucleus divides repeatedly to form about 32 nuclei. 

The first division is meiotic. At this stage the oospore undergoes a long period of rest until 

unfavorable conditions are over. Meanwhile its host tissues disintegrate leaving the oospore free. 

After a long period of rest the oospore germinates. Its nuclei divide mitotically and large number 

of nuclei are produced.A small amount of cytoplasm gathers around each nucleus. Protoplasm 

undergoes segmentation and each segment later on rounds up and metamorphoses into a 

zoomeiospre or zoospore . The exospore is ruptured and the endospore comes out as a thin 

vesicle . The zoospores move out into the thin vesicle which soon perishes to liberate the 

zoospores. 

 

 

 

 
Left-Different stages of Asexual reproduction,Right-Different stages of Sexual 

reproduction---- Albugo. 
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Topic-5 

Alternaria 

Alternaria alternata is a fungus which has been recorded causing leaf spot and other diseases on 

over 380 host species of plant. It is an opportunistic pathogen on numerous hosts causing leaf 

spots, rots and blights on many plant parts. It causes early blight of Potato and tomato.Symptoms 

of early blight occurs on fruit, stem and foliage of tomatoes and stem, foliage and tubers of 

potatoes.  Initial symptoms on leaves appear as small 1-2 mm black or brown lesions and under 

conducive environmental conditions the lesions will enlarge and are often surrounded by a 

yellow halo . Lesions greater than 10 mm in diameter often have dark pigmented concentric 

rings.  This so-called ―bullseye‖ type lesion is highly characteristic of early blight . As lesions 

expand and new lesions develop entire leaves may turn chlorotic and dehisce, leading to 

significant defoliation.  Lesions occurring on stems are often sunken and lens-shaped with a light 

center, and  have the typical concentric rings . On young tomato seedlings lesions may 

completely girdle the stem, a phase of the disease known as ―collar rot,‖ which may lead to  

reduced plant vigor or death. 

Vegetative Structure of Alternaria: 

The mycelium is endophytic, profusely branched and septate. In parasitic species it is both 

inter—and intracellular, geniculate, light brown and without haustoria. Each cell of the hypha is 

usually multinucleate. 

 

 

                            

Septate fungal hyphae of Alternaria 
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 Reproduction in Alternaria: 

Alternaria reproduces only by conidia which are produced at the tips of conidiophores. The 

endophytic mycelium grows out as erect and aerial hyphae through the stomata or ruptured 

epidermis of the infected host tissue. The conidiophores are short, dark coloured, aerial, septate 

structures and cannot be easily distinguished from the somatic hyphae. 

A conidium develops as an apical bud from the uppermost cell of the conidiophore. The young 

conidium first divides by transverse septa and some of its cells divide by longitudinal septa. 

Conidia with transverse and longitudinal septa are called ‗muriform or dictyospores .  

Conidiophore gives rise to one or two conidia exogenously at the tip, but in synthetic media 

chains of conidia may be produced. Sometimes branching of the conidial chain is also observed. 

Any lower ceil of the condium produces a bud which develops into conidium. 

Conidia in Acropetal Chain and Germinating Conidium 

 

 

             

A mature conidium is multicellular, obclavate, elliptical or beaked, about 30-12 µ long, 12-30 µ 

broad and has transverse and longitudinal septa . It is surrounded by two layered wall of which 

the outer wall is pigmented and the inner wall is hyaline. The conidia are readily disseminated by 

wind. 

Chain of conidia of 

Alternaria 
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In the presence of moisture and suitable temperature each conidium germinates by producing 5-

10 germ tubes at a time. The germ tubes infect the host plant through stomata or, epidermal cells 

or injuries caused by insects. The perfect stage of Alternaria belongs to Pleaspora infectoria of 

Loculoascomycets fungus . 

Infection of both green and ripe tomato fruit normally occurs through the calyx with lesions 

sometimes reaching a considerable size . The lesions appear leathery and may have the 

characteristic concentric rings. Infected fruit will frequently drop prematurely. Symptoms on 

potato tubers are characterized by sunken, irregular lesions , which are often surrounded by a 

raised purple border. Beneath the surface of the lesion the tuber tissue is leathery or corky with a 

brown discoloration.  Early blight lesions on tubers tend to be dry and are less prone to invasion 

by secondary organisms than lesions of other tuber rots.  After prolonged storage severely 

diseased tubers may become shriveled. 

Disease cycle of Alternaria 

The causal pathogen of early blight is the fungus Alternaria solani.  There is no known sexual 

stage and hence it is classified as a Deuteromycete.  The genus Alternaria is a large and 

important group of pathogenic fungi, which cause a significant number of important diseases.  .  

The mycelium is haploid and septate, becoming darkly pigmented with age.  Sporulation in 

culture can be stimulated by exposure to fluorescent light.  The asexual conidia are borne singly 

or in a chain of two on distinct conidiophores.  The beaked conidia normally possess 9–11 

transverse septae .  
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Asexual life cycle of Alternaria 
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Topic- 6 

Fruiting body of Ascomycetes 

An ascocarp, or ascoma (plural: ascomata ), is the fruiting body ( sporocarp) of an ascomycete 

phylum fungus. It consists of very tightly interwoven hyphae and may contain millions of asci , 

each of which typically contains four to eight ascospores. 

Types of fruit body: There are number of fruit bodies in Ascomycota. In yeasts and related 

fungi the asci are not enclosed by hyphae, but in most ascomycetes they are surrounded by 

hyphae to form an ascocarp or ascoma. It consists of very tightly interwoven hyphae and may 

contain millions of asci, each of which typically contains four to eight ascospores. Ascocarps are 

most commonly bowl-shaped (apothecia) but may take on a spherical or flask-like form that has 

a pore opening to release spores (perithecia) or no opening (cleistothecia). 

Apothecia 

An apothecium is a wide, open, saucer-shaped or cup-shaped fruit body. It is sessile and fleshy. 

The structure of the apothecium chiefly consists of three parts: hymenium (upper concave 

surface), hypothecium, and excipulum. The asci are present in the hymenium layer. The asci are 

freely exposed at maturity 

 

                                

 

Perithecia 

A perithecium or pyrenocarp is a chamber within the ascocarp whose walls are lined with asci. 

The chambers are kettle-shaped, or shaped like a wide-bellied narrow-necked flask or laboratory 

beaker, with the mouth of the flask (or top of the kettle) opening onto the air and protruding a bit 

from the ascocarp. These chambers line the surface of the ascocarp so that the surface of the 
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fruiting body is a fairly continuous series of protruding bumps, each with a hole (leading to a 

chamber) in the middle. This hole is known as an ostiole, and it is through the ostiole that the 

spores escape from the chamber. 

 

                    

 

Cleistothecia 

Cleistothecium are spherical ascocarps( fruiting body of Ascomycetous fungi) consisting of 

tightly interwoven hyphae. They are completely closed fruiting bodies with no special opening to 

outside.Cleistothecia contains asci and ascospores. 
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Different kinds of Ascocarp found in members of Ascomycetes 
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Topic-7 

Summer spore of Synchytrium 

Synchytrium endobioticum is an obligate parasite which does not produce hyphae but sporangia, 

which contain motile zoospores. Summer sporangia are thin-walled and short-lived. They are 

formed in the potato tissue and give rise to new zoospore infections. Resting spores (sometimes 

also referred to as winter sporangia, winter spores, resting 

Asexual Reproduction: 

Asexual reproduction generally occurs during favourable condition, i.e., in spring season. During 

this period, minute naked uninucleate and uniflagellate zoospores are released from the resting 

sporangium (which torms during unfavourable condition i.e., in winter season) after water 

soaking   

The zoospores are capable of swimming for about two hours. After coming in contact either with 

the potato ‗eye‘ or stolon or young tuber , they come to rest and withdraw their flagella . The 

content of the zoospore cyst enters into the host cell through the wall by minute pore in 

amoeboid movement, keeping the cyst membrane outside.  

The protoplast of zoospore, after entry in the host epidermal cell, absorbs food and becomes 

spherical in shape. The infected host cell also enlarges in volume. The host cell surrounding the 

infected cell becomes stimulated and starts swelling (hypertrophy) resulting into the formation 

of tumour or wart-like structure. 

The infected cell dies and remains in the middle of the wart. The pathogen along with its 

nucleus enlarges considerably, rounds off and develops two layered walls, consisting of a thick 

golden brown exospore and a thin hyaline endospore. This is the summer spore.  

The summer spore germinates within the infected host cell. Before germination, the nucleus 

enlarges and the inner wall protrudes out through a minute pore on the outer wall and forms a 

vesicle towards the upper portion of the infected host cell. The total content of the summer 

spore is transferred to the vesicle. 

The nucleus of summer spore then undergoes repeated mitotic divisions and forms about 32 

nuclei. This multinucleate vesicle is known as prosorus . The protoplast of the vesicle becomes 

cleaved into 4-9 segments, covered by thin hyaline wall. Each segment is known as summer 

sporangium or zoosporangium . The total aggregated structure of the zoosporangia is known as 

Sorus . 
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The nuclei of each zoosporangium undergo repeated mitotic divisions and form generally 200 to 

.300 nuclei (their number may go up to 500 or more in large sporangium). The protoplast then 

divides into many uninucleate segments . 

The mature sporangium swells up by absorbing water and creates pressure on the host wall to 

burst. After bursting, the zoospores get released through a small slit on the sporangial wall. The 

zoospores are uninucleate and uniflagellate . They swim actively in water and infect again the 

new host or different regions of the same host. 

 

 

 

 

 

Summer 
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Topic-8 

Sex organs of Marchantia 

 

Marchantia is dioecious, i.e. the male and female sex organs develop on separate thalli. The male 

sex organs are called antheridia, and the female sex organs are archegonia. Sexual reproduction 

is Oogamous. The sex organs are born on upright branches called receptacles or gametophores. 

The gametophore bearing antheridium is called antheridiophore, and that bearing archegonia is 

called archegoniophore. Sex organs are usually produced during winter to spring in India, 

mostlyin the months of April or May (Maravolo, 1976), and only once in a year. The production 

of sex organs is controlled by high humidity, low nitrogen, high carbonate content. Abnormal 

bisexual receptacles, known as androgynous receptacles have also been reported by several 

workers in many species of Marchantia. However, these abnormalities are considered to be of 

great phylogenetic importance, denoting reversion to the monoecious condition. The 

reproductive branches grow vertical and become differentiated into a stalk and a terminal 

horizontal disc, which is 8 lobed. 

 

 

 

  

 

The antheridiophore is the reproductive branch bearing the antheridia. The antheridiophore is 

differentiated into long stalk and a terminal disc. The stalk is about 1-3cm in length having the 

dorsiventral surface. The disc of the antheridiophore is eight lobed; the growing points are 

situated at the apex of each lobe. The upper part of antheridiophore has air chambers alternating 

with the antheridial chambers. The air chamber is triangular in shape and it possesses the 

assimilatory filaments which are capable of photosynthesis, whereas the antheridial chamber 

Antheridiophore and Archegoniophore in natural form 
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consists only the antheridia and is formed in acropetal succession in rows. That is older 

antheridia are formed at the center and the younger ones towards the margins. 

The antheridiophore is 1-3 cm long prismatic stalk bearing at its apex a slightly convex (peltate) 

disc which is usually a 8-lobed structure. Each lobe represents the apex of a branch along whose 

upper (dorsal) median line the antheridia are borne in a row.The antheridia develop in a acropetal 

manner i.e., the oldest are being at the center and the youngest ones towards the periphery. The 

antheridia are within the flask- shaped antheridial chamber. Each antheridial chamber contains a 

single antheridium. Each antheridial chamber is separated from one another by air chambers with 

air pores. 

 

 

  

Archegoniophore 

In Marchantia, the archegoniophore is the female reproductive structure. Like the male 

reproductive structure, the archegoniophore grows upward from the thallus and has a stalk and a 

head (in this case the archegonial head). Unlike the male structure, the archegoniophore looks 

somewhat like a palm tree and the archegonia grow on the bottom side of the head.The stalk of 

the archegoniophore begins to elongate just after fertilisation and the central sterile part of the 

disc starts to enlarge enormously. As a result, the marginal apical region of the disc containing 

archegonia is pushed down to the lower-side of the disc. The archegonia are hanging upside 

down — the youngest one being nearer the stalk whiles the older ones towards the periphery. 

Subsequently, the tissue in between the rows of archegonia develops and hangs down as rays. 

Initially the number of lobes is 8, later 9 rays are formed by the splitting of one. Rays are long, 

stout and green finger-like projections that give the mature female receptacle an umbrella-like 

appearance. The archegonia become inverted by the curvature of the disc. Single layered plate of 

L S of Antheridiophore of Marchantia 
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tissue overlaps on either side of row of archegonia to form perichaetium or involucre. This plate 

of tissue encloses all the archegonia (about 12 to 14) arranged in a single row. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Different stage of Development of Archegoniophore and 

Archegonia in Marchantia 
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Topic-9 

Sporophyte of Anthoceros 

 

1. Zygote is the first stage of development of sporophyte. The first division of the zygote is 

vertical. In other Bryophytes the first division of the zygote is transverse. This is the important 

difference in the development of sporophyte of Hornworts and rest ‗of the Bryophytes. 

2. The second division is transverse resulting into a quadrant stage. All the four cells divide by 

vertical walls to produce eight cells (octant stage). The eight cells are arranged in two tiers of 

four cells each. 

3. In majority of the species like A. fusiformis, A. pearsoni and A. himalayensis upper tier of 

four cells divide by transverse division to form three tiers of four cells each . The lowermost tier 

forms the foot, the middle tier forms the meristematic zone or intermediate zone and uppermost 

tier develops into the capsule. 

4. The four cells of the lower tier divide by irregular divisions to form broad, bulbous foot, made 

up of parenchymatous cells. In some species (e.g., A. punctatus) the superficial cells of the foot 

form a palisade layer of cells while in some species (e.g., A. laevis, A. himalayensis) the 

superficial layer grows into haustoria like projections. 

5. The uppermost tier of four cells which forms the capsule divide by one to two transverse 

divisions to form two to three tiers of cells. 

It is followed by periclinal division to form an outer layer of amphithecium and the central mass 

of cells called endothecium. The entire endothecium develops into the sterile columella. In 

young sporophyte it is made of four cells but in mature sporophyte it is made of sixteen vertical 

rows of cells. 

The amphithecium divides by a periclinal division to differentiate into an outer sterile layer of 

jacket initials and inner fertile layer  

The cells of the jacket initials divide by anticlinal and periclinal divisions to form four to six 

layered capsule walls. The outermost layer of the capsule wall is called epidermis. It is 

characterized by the presence of stomata. The cells of the inner layers of capsule wall have 

chloroplast. 

In the young sporophyte  the archesporium over archs the columella. The archesporium may be 

single layered in thickness throughout in its further development (e.g., A. erectus) or become two 

layered (e.g., A. pearsoni) or two to four layered (e.g., A. hallii). 
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Successive Stages in the Development of Sporophyte 

On maturity the archesporium gives rise to two types of cells: spore mother cells and elater 

mother cells. These cells are arranged in alternate manner one above another. 

Spore mother cells divide by meiotic divisions to form spore tetrads. Elater mother cells are 

elliptical with small nuclei. These cells divide mitotically to form four celled elaters. The four 

cells of the elaters may remain attached to each other or may break into 1-celled, 2-celled or 3-

celled units. The broken units are called pseudo elaters. (The elaters are without thickening bands 

and therefore, called pseudo elaters, 

 By the activity of the meristematic zone various tissues of the capsule are continuously 

produced so that it becomes elongated. The young sporophyte of the Anthoceros is surrounded 

by a fleshy covering or sheath. It is called involucre. It is developed partly from the tissue of the 

archegonium and partly from the tissue of the gametophytic thallus. In young stages the 

sporophyte is completely surrounded by involucre. 

Structure of Mature Sporogonium: 

The mature sporophyte consist a bulbous foot and a smooth, slender, erect, cylindrical, structure 

called capsule. Capsule varies in length from two to fifteen centimeter in different species. The 

sporogonium appears like a ‗bristle‘ or ‗horn‘, hence; the species are called ‗hornworts‘  

Internal structure: 

A mature sporogonium can be differentiated into three parts viz., the foot, seta and the capsule. 

Foot: 

It is bulbous, multicellular and made up of a mass of parenchymatous cells. It acts as ac 

haustorium and absorbs food and water from the adjoining gametophytic cells for the developing 

sporophyte. 

Seta: 

Seta is represented by meristematic zone. This is present at the base of the capsule and consists 

of meristematic cells. These cells constantly add new cells to the capsule at its base.Meristematic 

Zone or Intermediate Zone or Intercalary Zone: 

Capsule: 

Its internal structure can be differentiated into following parts: 
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Columella: 

It is central sterile tissue, extending nearly to its tip. It is endothecial in origin.  In a transverse 

section these cells appear as a solid square. It provides mechanical support, functions as water 

conducting tissue and also helps in dispersal of spores. 

Archesporium: 

It is present between the capsule wall and the columella. It extends from base to the top of the 

capsule. It originates from the inner layer of amphithecium. In the young sporophyte it over 

arches the columella. 

Capsule wall: 

It consists of four to six layers of cells, of which the outermost layer is epidermis. The continuity 

of epidermis is broken by the presence of stomata.  

Each stoma consists of a pore surrounded by two guard cells. The cells of the inner layers have 

intercellular spaces and contain chloroplast. Thus, the sporogonium is partially self-sufficient to 

synthesize its own organic food but partially it depends on the gametophyte for the supply of 

water and mineral nutrients. Thus they are also called as Semi parasite on gametophyte. 
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Sporophyte of Anthoceros showing different stages of differentiation 
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Topic-10 

Sporophyte of Sphagnum 

The sporophyte is the diploid generation of peat moss ( Sphagnum) that develops from a zygote 

as the result of sexual reproduction. Tissue derived from the base of the female organ protects 

and nourishes the sporophyte during its early stages of development. Upon maturation, large 

numbers of microscopic spores are contained in a capsule (sporogonium) that towers above the 

leafy plant to facilitate the spreading of spores. An overpressure of 4-6 atm. builds up insides the 

capsule. Under dry conditions its lid (operculum) bursts open with an audible sound. The spores 

are catapulted up to 20 centimeters, and born on the wind. 

   The haploid spores are derived from diploid sporocytes by meiosis: After replication of the 

genome, homologous pairs of chromosomes come into close proximity, and crossovers of their 

chromatids may occur. During metaphase I, the chromosome pairs line up across the equator of 

the spindle; in anaphase I, they separate and move to opposite ends of the spindle. Subsequently, 

comparable to mitosis, two new spindles separate the chromatides during metaphase II and 

anaphase II. Thus, meiosis of one diploid sporocyte yields four haploid spores. 
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Topic-11 

Gemma cup 

 

Gemma cup are special vegetative ,small cup shaped structures borne along the midrib on the 

dorsal surface of gametophyte of some bryophytes . Each gemma cup contains a large no. of 

special vegetative reproductive bodies called gemmae in it. 

The gemma cups are cup-like structures containing gemmae. The main function of the Gemma 

cup is vegetative reproduction. The Gemma is a small cup-shaped cell found on the thalli of 

bryophytes such as mosses and liverworts. The Gemma cells separated from the parent and 

develop into a new individual 

The diploid sporophyte (2n) is surrounded by the enlarged archegonium called the calyptra and is 

dependent on the haploid tissue of the archegoniophore for nutrients and water.  

                        

 

 

 

 

 

Gemma on thallus 

T S through Gemma cup of Marchantia 
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Growing point of 

Gemma 

L S through 

Gemma 

Different stages of formation and development of Gemma 


