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Part 1: Biodiversity II 

Kingdom: Fungi 

General Characteristics: 

• They belong to Eukaryota. They are multicellular with no vascular 

system. 

• Mycology: is the science of studying Fungi. (Mykes: Fungi, logos: 

science). 

• They reproduce by binary fission, asexually by spores or sexually. 

• They don‘t have chlorophyll thus they can‘t make their own food 

like plants do, but they can make most of their nutrients from 

carbohydrates. They have the ability to synthesis vitamins i.e. 

yeast. 

• They live saprophytically, parasitically or symbiotically with 

Cyanogreens i.e. Lichens. 

• They consist of mycelia, mostly branched filaments, where their 

cell walls are made up of cellulose,  cutin or both. 

• They can be cultivated on synthesized media in the lab. 

• They are non-motile although some sex organs are motile. 

• Their reserve food materials are glycogen and oils. 

• They can grow under 0 to 35 ⁰ C. Their optimum temperature 

varies from  20 - 30  ⁰C. 

• They grow under slightly acidic habitat 

• Light is necessary for spore germination. Sporangiophores are 

positively phototropic. 

• The Thallus is made of Hyphae, where a group of hyphae are know 

as Mycelia. 

• Hyphae are either septated or non-septated. Each cell has one or 

more nuclei. Cytoplasm contains vacuoles and oil droplets. 
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Reproduction Of Fungi: 
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Rhizopus nigricans 
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Asexual reproduction: 

1- The tip of the sporangiophore becomes swollen, forming a sporangium in which a 

part of the protoplasm containing nuclei and food flows and accumulates at the 

periphery of the sporangium.  

2- The inner area of the sporangium is poor in cytoplasm and nuclei.  

3- A dome-shaped layer of vacuoles appears between the inner and outer zones.  

4- Such vacuoles enlarge and fuse. A wall is then formed separating the outer fertile 

zone from the inner sterile materials known as the columella.  

5- The many nuclei in the fertile zone forms collects a small mass of cytoplasm around 

each of them, form a wall and become transformed into uninucleated spores. 

6- When the sporangia become mature, their walls rupture and the spores become free. 

7- The remnant of the ruptured sporangial wall is known as the collar. 

8- Each spore on germination gives rise to a new hypha. 

 

1. Sexual reproduction: 

 It takes place either between the tips of two hyphae or between two neighbouring 

hyphae. The two fusing hyphae may be either originating from a single spore, i.e. from 

one and the same mycelium, or they originate from two sexually different spores. 

Rhizopus species belonging to the first type are called homothallic, while those 

performing the second type of reproduction are called heterothallic. As example of the 

heterothallic forms is Rhizopus nigricans.  

 

In case of heterothallic forms, the two different spores give two sexually different 

mycelial strains, one of them is called a negative (-) strain and the other is a positive (+) 

one (some- times called-minus or plus strains). Fusion takes place between gametangia 

of different strains. When the mycelia of two opposite strains come near each other, 

lateral lobes are developed. These are the progametangia which are darker than the 

remaining mycelium due to the thickening of the protoplasm. The apical portion is 

separated by a cross-wall to form the gametangia.  

 

These are equivalent in function to the antheridium and oogonium in other plants. Each 

gametangium contains a multinucleated gamete. When the gametangia come in contact 

with each other, the cell wall between them dissolves, and their nuclei fuse to gamete. 

form diploid nuclei. Unfused nuclei disintegrate. The multi-nucleated zygote enlarges to 

form a zygospore. This is fixed in its place by the remaining parts of the lateral lobes 

called suspensors. The zygospore attains a thick sculptured black wall and remains 

inactive for a period of time.  
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By the return of favourable conditions, the zygospore germinates to give a tube which 

ends with a sporangium. Meanwhile the diploid nuclei of the zygospore divide many 

divisions, the first of which is meiotic. This reduction division results in the segregation 

of genes for sex, and accordingly half of the produced nuclei carry the -ve sex character 

while the other half carry the + ve sex one.  

 

Since these nuclei are the units which form the spores, then it is expected that 50% of the 

produced spores, give on growth, a mycelium of the -ve strain and the other 50% give a 

mycelium of the + ve strain.  

 

In case of homothallic species of Rhizopus (R. sexualis), the same steps of fertilization 

occur except that the fusing hyphae are not sexually differentiated and the zygospore 

gives on germination, a sporangium containing one type of spores. 
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1. Vegetative reproduction: 

From the vegetative point of view yeasts are divided into 3 types according to the 

method of division namely, budding, fission, and budding-fission yeasts.  

 

A. Budding: A lateral outgrowth or a bud is formed. The mother nucleus divides 

mitotically into two and the new bud receives one of them. The bud enlarges and 

becomes separated from the mother cell by a constriction at its base. Re-budding 

may occur either from the mother cell or the bud, resulting in chains or clusters of 

buds producing what is known as Pseudomycelium. 

 

B. Fission: It occurs in a way similar to that found in bacteria. The cell elongates, the 

nucleus divides mitotically into two and a transverse wall or septum is formed in 

the middle, dividing the mother cell into two unincleated daughter cells which 

become separated. Schizosccharomyces octosporus reproduces by this method.  

 

C. Budding-fission : A bud is produced in the usual way, but it becomes separated 

by fission instead of constriction (e.g. Saccharomycodes).  
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2. Sexual reproduction. By ascospore formation. Vegetative yeast cells are either 

haploid or diploid according to their origin. The steps of reproduction vary in both of 

them. 

 

A. Sexual Reproduction In Haploid Cells (Homothallic): 

Two yeast cells (from one parent) come in contact and unite by means of a 

tube produced to allow the passage of cytoplasm and nuclei between the 

conjugating cells. The nuclei fuse after the fusion of cytoplasm to give a single 

diploid nucleus and a zygote is formed. The zygote nucleus divides two or 
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three divisions, the first of which is reductional to give 4 or 8 haploid nuclei. 

Each haploid nucleus surrounds itself with cytoplasm, food reserve and wall 

forming an ascospore. The latter, when released, grows to give a new haploid 

vegetative yeast cell. 

B. Sexual Reproduction In Diploid Cells (Heterothallic): 

A normal diploid cell divides usually into 4 ascospores; the first division is 

meiotic and the ascospores are thus haploid. The produced spores are sexually 

distinct, i.e. half of them is male and the other is female (+ ve and - ve strains). 

Fusion between spores may take place inside the ascus, before the release of 

the ascospores, resulting in the formation of n diploid vegetative cells. If the 

spores become released from mother cell before fusion, they grow to give male 

and female haploid vegetative cells, which are smaller in size than the 

vegetative diploid cells. Two haploid vegetative cells of opposite sex may fuse 

to form a new normal diploid vegetative cell which can reproduce again either 

sexually or asexually by budding. Sometimes fusion between spores of the 

same sex may occur resulting in an abnormal diploid cell which reproduces 

only budding. 
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The apothecia of Peziza are sessile or shortly stalked cup-shaped structures regular in form and 

large in size varying from 2 cm. to several inches in diameter. In P. vesiculosa the apothecium 

is of pale fawn colour but P. aurantia has brilliant orange apothecium. 

1. Asexual Reproduction:  

It takes place by the formation of conidia and chlamydospores. The conidia are exogenously 

formed spores. They are abstricted from the tips of conidiophores. Each conidium 

germinates to form a new mycelium.  

The chlamydospores are thick-walled resting cells. They are intercalary in position. They 

may be formed singly or in series within the cells of the hyphae. Under suitable conditions 

each chlamydospore germinates and gives rise to a new mycelium.  

2. Sexual Reproduction: 
The sexual apparatus is wholly lacking in Peziza vesiculosa. This does not prevent the 

development of a fructification which is aerial and relatively a short-lived structure. The 

sexual process does take place. It is extremely simplified and consists in the association of 
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two purely vegetative nuclei in a pair. The adult mycelium consists of a tangled mass of 

hyphae. Certain vegetative cells in the center of the tangled hyphal mass have been seen to 

possess nuclei which become associated in pairs. 
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These pairs of nuclei are called the dikaryons. The dikaryotic condition is brought about 

either by autogamous pairing or by somatogamous copulation between the vegetative cells 

of the adjacent hyphae of the tangled hyphal mass. The cells with the dikaryons give rise to 

the ascogenous hyphae which become multicellular by cross walls. Their cells are 

binucleate. The terminal binucleate cell of each ascogenous-hypha functions as an ascus 

mother cell.  

The two nuclei of the ascus mother cell fuse to form the synkaryon. The young ascus with 

the synkayon represents the transitory diplophase .The synkaryon undergoes three 

successive divisions. Of these the first and the second constitute meiosis. This results in the 

formation of eight haploid nuclei which become organised into ascospores. The mature 

ascus is an elongated, cylindrical cell. The ascus wall is lined by a thin layer of cytoplasm 

(epiplasm) which encloses a central vacuole filled with sap. In the vacuole lie the oval 

ascospores.  

The erect asci lie side by side lining the cavity of the cup-shaped apothecium. The asci near 

the margin of the cup bend towards the source of light being positively phototropic. 

Interspersed between the asci are the Sterile hyphae called paraphyses. The rest of the 

apothecium consists of densely interwoven, branched hyphae forming a 

pseudoparenchymatous tissue which supports the hymenium. 
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Puccinia graminis is an obligate parasite which infects many cereals and grasses. Of the 

infected cereals, wheat, oat rye, and barley can be mentioned. Rust diseases are very serious 

since they cause heavy losses in crops. Puccinia graminis tritici is the fungus which infects 

Triticum or wheat. The parasitic life cycle of the fungus extends through two hosts namely 

wheat and Berberis vulgaris. of hosts. This phenomenon is called alternation of hosts. 

Life cycle: 

1. Early in the growing season (early summer), the infected wheat plants show orange-red 

patches, streaks or spots on their stems and leaves. These are the uredosori. Each ure- 

dosorus contains a number of uredospores which are ovoid or biscuit-like, unicellular, and 

binucleated. It has an outer thick spiny wall, an inner thin wall and 4 germ pores on the 
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equator. The uredosorus increases in size, accordingly the epidermis is ruptured, and the 

uredospores can be dispersed by wind. They can infect other wheat plants in the same 

season. The uredospore can penetrate the host through a stoma by means of the germ tube 

which appears from one of the germ pores.  
2. At the end of the season the intercellular mycelium of the fungus, gives rise, instead of 

uredospores, to another kind of spores known as teliospores or teleutospores (winter spores). 

They are produced in a dark brown sorus known as the teleutosorus. The teleutospore is 

bicellular and stalked with a pointed upper end. It has an outer thick smooth brown wall and 

an inner thin wall. The germ pores here are only two, one for each cell. The upper cell has its 

pore apically and the lower one has it pore laterally. The teleutospore differs from the 

uredospore in the fact that the former is bicellular. 
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Each cell is at first binucleated, then the two nuclei, later on, become fused into one 

diploid nueleus. Teleutospores fall on the ground and remain inactive in soil for a 

period of time. On the return of favourable conditions (early spring) they begin 

germination. Each cell gives rise to a germ tube called basidium. The nucleus of each 

cell dívides two successive divisions the first of which is reductional to give 4 haploid 

nuclei. These arrange themselves in the basidium and separating walls are formed 

leading to the development of 4 uninucleated cells. Each cell develops a sterigma 

which dilates into a basidiospore to which the nucleus migrates. Meiotic division 

preceding the formation of basidiospores results in segregation of sex in such spores, 

ie. two spores are sexually different from the other two. In other words, two +ve 

mycelial strain, while the spores give, on germination, a remaining spores give a -ve 

mycelial strain. 



 

Second Term Dr. AZZA MISK 2022-2023 

  



 

Second Term Dr. AZZA MISK 2022-2023 

 

3. The basidiospores infect the second host known as Berberis vulgaris. Infection results 

in the formation of uninucleated mycelium which grows intracellularly. Such growth 

leads to the appearance, on the upper surface of Berberis leaf, of flask- shaped 

structures called pycnidia. Each pycnidium contains three types of hyphae:  
a) Pycnidial hyphae, which are fertile filaments, each of which carries a chain of spores 

called pyeniospores or-spermatia.  

b) Receptive or flexuous hyphae.  

c) Paraplryses or sterile hyphae. 
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All these hyphae and pycniospores in one pycnidium are either of the positive or 

negative strain according to the type of the infecting basidiospore.  

By the help of insects, the -ve strain receptive hyphae receive the +ve strain 

pycniospores and vice versa. Fusion takes place between the pycniospore and a 

terminal cell in the receptive hyphae, the nucleus of the former being transferred to the 

latter, resulting in the formation of a binucleated cell. This process is known as 

spermatization and its repetition results in the formation of binucleated mycelium 

which ramifies between the host cells towards the lower surface of Berberis leaf of 

aecidial cups. Each cup is sur- rounded with a wall of sterile hyphae called peridium. 

At the base of the cup there is a layer of elongated cells called stalk cells. Each 

binucleated stalk cell divides to give a chain of cells, some of which are small called 

intercalary cells and the others are larger known as aecidiospores or aeciospores. Both 

types of cells alternate one with the other in the chain, and also both of them are 

binucleated. The aecidia cups open on the lower epidermal surface of the leaf. At 

maturity the intercalary cells disintegrate and the aecidiospores become free to be 

dispersed by wind and begin a new infection to wheat plants in its early season of 

growth. 
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Life cycle: 

The basidiospores, after dissemination from gills, germinate in the soil to give 

uninucleated hyphae. These hyphae (primary mycelium) are sexually differentiated. 

Hayphae of opposite surains conjugate to form binucleated cells. It is these cells that 

form the secondary mycelium which develops into the fruit body or sporophore. 

Accordingly, the formed basidia on gills are at first binucleated. These two nuclei, (one 

plus and the other minus) fuse in the basidium to form a diploid nucleus. Meiosis 

follows producing 4 haploid nuclei. Meanwhile the basidium developes 4 lobes into 

which the new haploid nuclei migrate. 
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These uninucleated lobes, form the basidiospores carried on short sterigmata. Meiosis 

of the diploid nuçleus results in segregation of sex characters, thus two basidiospores 

give, on germination, hyphae a the +ve strain while the two other spores give hyphae 

of the 

-ve strain. The basidiospores are shed from the basidium when they are ripe and a new 

life cycle starts.  
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The life cycle of Agaricus (heterothallic) can be represented in the following: 

  



 

Second Term Dr. AZZA MISK 2022-2023 

 

 
 



 

Second Term Dr. AZZA MISK 2022-2023 

  



 

Second Term Dr. AZZA MISK 2022-2023 

 



 

Second Term Dr. AZZA MISK 2022-2023 

  



 

Second Term Dr. AZZA MISK 2022-2023 

 

Reproduction: 

1. Vegetative: Detached portions of the plant body can grow into a new thallus.  

2. Soredia: Small bud-like out- growths called soredia may appear on the upper surface of the 

thallus. A soredium consists of one or more algal cells enclosed by few hyphae. It develops 

into a new thallus when carried by wind and falls on a suitable substratum. 

3. Fungal spores: The fungal partner produces its characteristic spores (ascospores or 

basidiospores) which become shed from the lichen thallus to give a new one if it germinates in 

the neighbourhood of a proper alga. 
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Economic Importance Of Lichens: 

1. They can change soil structure of arid soils by increasing its fertility as it helps in the 

accumulation of organic matter to the soil. 

2. It contains dyes that is used in tanning and dying textile fabrics i.e. Orchil. 

3.  It can be used as food for animal and man. 

4.  It is used in the production of some antibiotics. 

5. Fermentation and brewing of organic matter. 

6. It causes several diseases to plants, animals and man. 

7. It is used in the dairy and baking industry. 

8. It is used as food. i.e. Mushroom. 

9. In the pharmaceutical industry: as antibiotics and vitamins. 

10. It plays an important role in Genetics, Biochemistry, Genetic Engineering because of its 

fast growth and reproduction. 
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Algae 
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Sexual reproduction: 

It is a case of advanced oogamous condition. Thallus may be monoecious or dioecious 

depending on species. The carpogonia (female sex organs) are borne terminally on small 

branches of the thallus. The carpogonium at its upper end is prolonged into a trichogyne which 

shrivels away after fertilization.  

The nucleus, chromatophores and the reserve food material are located in the lower swollen 

portion of the carpogonium. Antheridia or spermatangia (male sex organs) are single-celled 

spherical structures borne in clusters at the tip of the lateral branches of the thallus. Contents of 

each antheridium become metamorphosed into a non-motile, spherical male gamete or 

spermatium, which is lib The spermatium thus liberated floats in water and is finally carried 

away by water current to come in contact with the trichogyne of the carpogonium.  

The walls dissolve at the point of contact of the spermatium and the trichogyne and the 

contents of the spermatium pass through the open passage and move down the trichogyne into 

the base of the carpogonium where both male and female nuclei fuse together. 
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After fertilization the trichogyne is separated from the carpogonium by a mucilage plug and 

finally shrivels and disappears. The diploid carpogonial nucleus divides meiotically into two 

haploid nuclei.  

 Aerated through a narrow apical slit of the antheridial wall. Simultaneously with the nuclear 

division a lateral protuberance is developed from the carpogonium. One of the two daughter 

nuclei moves into this protuberance, the other remaining in the carpogonium. The protuberance 

is cut off from the carpogonium by a wall and is known as gonimoblast initial. 

Then the daughter nucleus of the carpogonium divides mitotically along with the formation of 

another protuberance on the other side of the carpogonium in which the daughter nucleus 

migrates and ultimately a second gonimoblast initial is produced and like this several 

gonimoblast initials are produced which by repeated divisions form branched or unbranched 

filaments known as gonimoblast filaments. 

The terminal cells of the gonimoblast filaments become enlarged, each one developing into a 

carposporangium, the contents of which become metamorphosed into a single, non-motile 

carpospore. Along with the development of the carposporangium and carpospore numerous 

sterile threads are developed from the cells below the carpogonium which ultimately envelope 

the gonimoblast filaments. These threads are known as the enveloping threads.  

The structure so formed with gonimoblast filaments surrounded by the enveloping threads is 

the cystocarp. The carpospore is liberated from the carposporangium and germinates into a 

heterotrichous filament which morphologically is quite different from the main thallus. 

The heterotrichous filament is known as Chantransia stage or juvenile stage. For long time this 

heterotrichous filament was considered to be a new genus Chantransia.  

But later on it was found that the apical cells of the lower branches of the erect threads develop 

into new Batrachospermum thallus and the so-called Chantransia is nothing but a stage in the 

life cycle of the alga Batrachospermum. Finally, it was linked up in the life cycle of 

Batrachospermum naming as Chantransia stage. 

The life cycle of Batrachospermum consists of two gametophytic phases alternating with one 

sporophytic phase which is, however, confined in the zygotic stage. The early gametophytic 

phase—Chantransia stage, is formed by the germination of the carpospore which is the product 

of post-fertilization stages. The late gametophytic phase, the main Batrachospermum plant is 

developed from the Chantransia stage. 
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Sexual reproduction: 

Sexual reproduction is oogamous. Male reproductive structure is known as antheridium and 

female as archegonium. Funaria is monoecious (having male and female sex organs on the same 

thallus) and autoicous (antheridia and archegonia develop on separate branches of the same 

thallus).  

Sex organs are borne on leafy gametophores in terminal clusters. The main shoot of the leafy 

gametophore bears antheridia and act as male branch. Female branch develops as a lateral 

outgrowth from the base of the male branch and bears archegonia. It grows higher than the male 

branch. Funaria is protandrous (antheridia mature before the archegonia). It ensures the cross 

fertilization. As a result, cross-fertilization occurs. Water is required for fertilisation. During heavy 

rains, antherozoids reach the archegonial neck and swim down to the ventral. Any antherozoid can 

fuse with an egg to form a zygote (2n). Soon after, the zygote secretes a cell wall and develops 

into an oospore. To form an embryo, the oospore divides and redivides. The embryo eventually 

develops into a sporophyte or sporogonium. Thus, the first cell of sporophyte generation is the 

zygote or oospore.  

Funaria sporogonium is photosynthetic, making it semi-parasitic on gametophore. It is divided 

into three parts: the foot, the seta, and the capsule. The foot is embedded in the female receptacle, 

where it absorbs inorganic nutrients. Seta is a tall stalk with a pear-shaped capsule at the tip.  

The capsule is made up of three parts: the basal apophysis, the central theca, and the terminal 

operculum. Annulus is a ring-like cell that separates the operculum from the Theca. From the 

center to the outside, the middle fertile theca is made up of a sterile columella surrounded by a 

barrel-shaped spore sac, a cylindrical air space with trabeculae, hypodermis, and epidermis. As the 

sporogonium grows, so does the venter, which takes the form of a protective covering called 

calyptra. Later, the calyptra ruptures and remains attached to the capsule like a cap. Calyptrais is 

haploid because it develops from the ventriloquine wall.  

When the capsule dries up, the Operculum is thrown off, revealing the peristome, which is made 

up of two overlapping rings of periostomial teeth. Each peristome ring contains 16 teeth. The teeth 

of the outer ring (exostome) are conspicuous, red, and have thick transverse bands, whereas the 

teeth of the inner ring (endostome) are small, colourless, and soft. Spore dispersal is caused by 

hygroscopic movements (movement caused by moisture content of the atmosphere) of the 

exostome of peristomial teeth. The inner ring of peristomial teeth does not move due to 

hygroscopic forces. 
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Reproduction: 

 

It takes place by the production of spores. The spores are produced in sporangia. A group of 

sporangia forms sori. The sori are marginal but the reflex margins of the pinna form a 

protective membranous structure called false indusium. The development of sporangium is of 

leptosporangiate type. The sorus does not show any definite sequence hence fall under mixed 

type. 

A mature sporangium bears a multicellular stalk and a spherical or elliptical single layered 

structure called capsule. The capsule contains haploid spores. The wall of the capsule is 

differentiated into thick walled annulus and thin walled stomium. On maturity the sporangium 

bursts and spores are released. The spores germinate and undergo repeated division to produce 

a prothallus. The prothallus is flat, green and heart shaped. It is monoecious and represents the 

gametophytic phase. Sex organs called antheridia and archegonia develop on the prothallus. 

Antheridia release multiflagellate antherozoids which swim in water and reach the egg of 

the archegonium to accomplish fertilization.  
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The fertilization results in zygote(2n) and it represents the first cell of sporophytic generation. 

The zygote develops into embryo which further differentiates into sporophyte. Thus Adiantum 

shows alternation of generation. 
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Double Fertilization in Plants 

Angiosperms undergo two fertilization events where a zygote and endosperm are both formed.  

Double Fertilization 

After pollen is deposited on the stigma, it must germinate and grow through the style to reach 

the ovule. The microspores, or the pollen, contain two cells: the pollen tube cell and the 

generative cell. The pollen tube cell grows into a pollen tube through which the generative cell 

travels. The germination of the pollen tube requires water, oxygen, and certain chemical 

signals. As it travels through the style to reach the embryo sac, the pollen tube‘s growth is 

supported by the tissues of the style. During this process, if the generative cell has not already 

split into two cells, it now divides to form two sperm cells. The pollen tube is guided by the 

chemicals secreted by the synergids present in the embryo sac; it enters the ovule sac through 

the micropyle. Of the two sperm cells, one sperm fertilizes the egg cell, forming a diploid 

zygote; the other sperm fuses with the two polar nuclei, forming a triploid cell that develops 

into the endosperm. Together, these two fertilization events in angiosperms are known as 

double fertilization. After fertilization is complete, no other sperm can enter. The fertilized 

ovule forms the seed, whereas the tissues of the ovary become the fruit, usually enveloping the 

seed. 
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Part 2: Plant Anatomy 

Prepared by: Dr. Azza Misk 

 

1. Biological sciences are known since Paleothetic times. Biology started by illustrations of 

different plant and animal species where human survival mainly relied on the gathering 

knowledge of them. 
2. Morphology; came first which describes the external structure of plants. Then with the 

invention of the light microscope, Anatomy came next with the extensive studies of the 

plant internal structure. 

3. The electron microscopy was a revolutionary step for the start of many sciences such as 

Microbiology and Genetics where other branches were derived from as  Genetic 

Engineering, Molecular Biology and Biotechnology . 

4. Molecular Biology is concerned with the study of: 

 1. Genetic structure  2. Micro-cellular structure 

 3. Cellular differentiation .. 

• 5. Molecular analysis; comparing between different types of proteins, enzymes, 

hormones as well as amino acids‘ sequences in both DNA and RNA. Biology or life 

sciences are concerned with the study of a group of characters  that characterizes only 

the living organism such as: 

1. Growth  2. Motility  3.Metabolism 

4. Reproduction  5.Adaptation 

• Anatomy deals with the study of internal structure, function and evolution of the living 

being. 

• Cytology deals with the structure and function of different cells. 

• Scientific Information Resources: 

1.  Where do we obtain them from? 

2.  How to verify their credibility ? 

 

Scientific Information Resources 

 

It starts by observation and description 

Information are gathered through experiments 
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Deduction of general relationships and discussions to come up with a hypothesis 

If proven, the hypothesis becomes a theory and when generalized, it becomes a law. The 

verification of the studies done is the main core of science. 

A new discovery can change previous laws, which is known as Scientific Criticism 

where it mainly relies on critical curiosity. 

In conclusion, facts are only investigated through accuracy and honesty. 

Research works are discussed through conferences and periodical meetings. 

Researchers publish their research work as a research paper in specialized journals. 

 

Scientific Nomenclature: is a formal system of naming species of living beings, 

structures, functions, even chemical components where Latin or Greek forms are used. 

 

Measuring Units:  

  1. Length Units: micrometre (10
-3 

mm), nanometer (10
-6

 mm), Angstrom (10
-9

 mm). 

  2. Weighing Units: mg (10
-3 

g), micro gram (ηg) (10
-6

 g), Nanogram (10
-9

g), Pico gram 

or Dalton (10
-12

 g). 

   

Dalton: it is equivalent to the molecular weight of hydrogen  atom. (the molecular 

weight of water molecule is 18 Daltons,  while the molecular weight of hemoglobin 

is 64500 Daltons). 

 

Cellular structures and vital functions 

 Any living being is called ―Organism‖ 

Organism: an organized system 

With a specific identifiable shape 

Each organ within this system has a specific function i.e. growth, reproduction, 

sensitivity, metabolism, etc… 

So, it is easy to identify plants and animals as living organisms as well as rocks and 

stones as nonliving. On the other hand, it is not an easy task to define Viruses as living 

beings. Why? 

The living material is called the Cytosol (portion of the cytoplasm) is a translucent 

semifluid substance of the cell, colorless to slightly yellowish viscous liquid resembles 

egg white. 
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The Cytosol is examined by the light or electron microscopy or by using diffractive 

analysis of X-ray. 

 

Characters of living cell 

1. Cellular organization: each organism has a specific form, shape and size by which it 

is identified. As each one consists of different parts that ends up with the cell. 

     Body Systems Organs  Tissues  Cells  

     The Cell: is the body building unit both in structure and function. 

2. Metabolism: is essentially a collection of chemical  reactions occurring within the 

body cell, where food is transformed into substances similar to that of the body. It 

consists of two processes: 

 1. Anabolism: A process where energy is consumed for building up complex 

substances such as proteins, lipids or carbohydrates from simple ones 

 2. Catabolism: A process where energy is released such as respiration or breaking 

up reserve food materials to simple substances to obtain energy during growth, mobility, 

reproduction, etc… 

3. Locomotion: the ability of an organism to change place. This character differ from 

one organism to another. In plants, mobility is slightly noticed compared to animals, 

however plants mobility can be observed in blossoming of flowers and buds, opening 

and closure of stomata, streaming of the cytoplasm (cyclosis). 

4. Response to Stimuli (Sensitivity): a reaction to an internal or external force i.e. 

phototropism or Geotropism. 

5. Growth: Increase in size or weight till reaching a certain size. Growth is either 

limited (animals) or  unlimited (plants). 

6. Reproduction: it is the ability of the living organism to produce new individuals 

(offspring) when it reaches a certain age (maturation). As viruses have this character 

they were considered living beings, inspite of their inability to perform other characters 

such as growth, respiration, etc… 

7. Respiration: a vital process which characterizes living organisms only. 

         C6H12O6 + 6 O2     6 CO2 + 12H2O  +Energy 

8. Adaptation: the ability of the living organism to change slightly over time to be able 

to continue to exist in a particular environment. Adaptation can be quick  or momentarily 

according to the response of enzymes, inhibitors or activators or it can be very slow in 

case of mutation or natural selection. 
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9. Excretion: a process by which metabolic wastes are eliminated from a living 

organism. It could be two contractile vacuoles as in  Chlamydomonas or a complicated 

excretory system as in higher organisms. 

• There are some common characters between living and non living which are: 

1.  Increase in size: like in crystals 

2.  Movement:  

• a piece of metallic Sodium can move over water surface due to a chemical reaction. 

• A drop of oil can move over water surface and form something like pseudopodia (false 

feet) in Amoeba. 

 

Cellular Structures and Functions 

 

• The Cell: is the body building unit both in structure and function. 

• Protoplasm:  It is called on the cell constituents. 

• Cellular Theory: Plant and animal bodies consist of cells. New cells are only produced 

through the division of former existing cells (Schwan & Shleiden). 

• Each cell consists of a nucleus surrounded by a nuclear membrane, with some 

exceptions as the Red Blood Cells (RBCs), losing its nuclei during maturation) or 

skeletal muscles (multinucleated). 

•  

• Organisms are either: 

1.  Cellular: either unicellular or multicellular 

2.  Acellular: Bodies whose cells never divide i.e. Viruses. 

• Harrison-an American scientist-was able to cultivate Salamander cells in artificial media 

outside the body. Since then many plant and animal tissues were cultivated in vitro (in 

lab) by the help of Tissue Culture techniques. 
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Exchanges of materials between cell and Environment 

 

• Plasma Membrane: A membrane that regulates the possibility of substances or nutrients 

to pass in or out of the cell. They are living membranes that are selectively permeable. 

(they can allow the passage of substance even against concentration gradient). 

• Factors controlling the passage of a particle through cell membrane: 

1.  Particle Size.                     2. Solubility in lipids. 

3. Number of water molecules adhered to the particle. 

4. Electric charge carried on the particle. 

5. Thickness of the Endoplasmic reticulum folds. 
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Endoplasmic Reticulum 

 

• Shape: Fine tubes and vesicles of two types: 

1.  Smooth 

2.  Rough: due to the presence of Ribosomes. 

• Function: Passing and storing substances and nutrients inside the cell ( specially the 

proteins) 

• Ribosomes: Small protoplasmic bodies that maybe found free or attached to the rough 

Endoplasmic reticulum, plastids, nuclei and mitochondria. 

• Function: They attach to mRNA to synthesis protein in the cell. 
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• It consists of a gelatinous substance rich in protein, fats and nucleic acids known as 

Nuclear Sap. 

• It is enveloped by a nuclear membrane which is a bilayer membrane carries Ribosomes 

on its surface. 

•  One or more Nuclei is found in the nuclear sap. 

• Nuclei: A spherical body devoid of a membrane, more viscous than the nuclear sap as it 

is very rich with RNA and proteins with little DNA. 

• Function: Center of formation of RNA, proteins and Ribosomes. 

• It is composed of a chromatin matrix from units called Chromosomes. Each 

Chromosome consists of two Chromatids connected by a  Centromere. 

• Each Chromatid consists of proteins and nucleic acids. 

• Each Chromatid consists of genes that compose DNA. 
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Cell division 

1. Amitosis (Fission) 

• It is also called Binary fission, it happens in lower organisms like Bacteria and some Fungi.  
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5. Telophase stage: the steps are opposite to that of  prophase, where: 

 The matrix disappears, the chromosomes become thinner and longer. 

 Nuclear membrane and nucleoli reform. 

 Vesicles are formed in the cell midway by Golgi apparatus forming the cell 

lamella which with two plasma membranes form the middle lamella on which 

cellulose is deposited to form the primary cell wall.  
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2. Plastids:  

Structure: 

Protoplasmic living organelles that are able to grow and divide. 

It is formed from small bodies called Proplastids. 

It is not found in lower organisms like Bacteria and Fungi. The cell may possess 

one large plastid (as in Algae i.e. Chlamydomonas) or many plastids (as in higher 

plants). 

The plastids may be green, colored (pepper) or colorless (onion) and it can change 

from form to another when exposed to light. 

It contains Chlorophyll A, B, Carotene and Xanthophyll. 

  



 

Second Term Dr. AZZA MISK 2022-2023 

Function: 

It undergoes photosynthesis through transforming light energy into chemical 

energy. 

Colorless plastids are centers of storing starch or any other substance. 
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Non-Protoplasmic components 

 Tanins: Phenolic compounds that is characterized by: 

Being colloidal in nature. 

 It is found in dead tissues. 

It appears like thin or thick masses. 

 It appears in red, yellow or brown colors. 

Function: 1. They protect the plants against drought. 

     2. They are antioxidant in nature. 

     3. They are antimicrobial agents. 

 Alkaloids: Nitrogenous compounds, examples of which are: 

 Caffeine:(In tea leaves or coffee beans) a nervous system stimulant 

 Opium: the dried latex of Opium plants. Used as analgesic. 
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 Quinine: Isolated from the bark of Cinchona tree . Used to treat Malaria, but can cause 

deafness, irregular heart beat and sweating. 

 Pigments: They are divided into two groups of pigments: 

1. Insoluble in water: They dissolve in alcohol. Examples of which are those pigments 

found in plastids as Chlorophyll and Carotene.  

2. Soluble in water: It includes Flavones and Anthocyanins 

   

  Flavones 
(O)

         Anthocyanins 

 

Anthocyanin changes its color according to the pH: 

a. It is Red in Acidic, and 

b. Blue in Alkaline 
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Methods Of Studying Cells 

The Possibility Of Cell Cultivation In Laboratory: 

1.  It can be cultivated on nutrient media of: 

 - Blood Plasma - Embryonic tissues -Salts &vitamins 

2. The nutrient media is either liquid or solid (by adding agar) 

3. The media is then sterilized to be used later. 

 

Cell Microscopic Examination: 

 Chemical fixation of the tissue to stabilize the specimen‘s mobile macromolecular structure. 

 The tissue is sectioned into thin slices  using a microtome. 

 A slice is then placed in a glass slide and covered by a thin cover; to be examined later under 

the microscope. 

 Parts of the cell can be stained (i.e. nucleus or  mitochondria). 

 Using the electron microscope, the tissue is fixed by Osmic acid and embedded in acrylic 

plastic or resin to be sectioned by an ultra-microtome with glass or diamond. 

Electron Microscopy revealed the following: 

A skeletal network of cellulose in the form of bundles -with spaces in between- Cell wall: they 

are first collected as microfibrils then are gathered to form macrofibrils in the secondary cell 

walls. In these spaces different materials are deposited according to the type of wall as well as 

cell type and age.  

Examples of which are: 

1. Primary cell walls are filled with Ca- and Mg- pectates. 

2. Xylem Vessels are filled with lignin. 

3. Epidermal Cell wall is filled with Cutin (impermeable to water) 

4. Phellem is filled with Suberin (impermeable to water). 

5. While Root Cell Wall -in secondary cell wall-  is filled with water, like those in cotton 

plant. 
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The term "meristem" was coined in 1858 by Karl Wilhelm von Nägeli. The term is adapted 

from the Greek word "merizein," meaning "to divide," a reference to the function of the cells in 

the meristematic tissue. Characteristics of Meristematic Plant Tissue  

 

The Cells Within the Meristem Have Some Unique Characteristics:  

Cells within the meristematic tissues are self-renewing, so that each time they divide, one cell 

remains identical to the parent while the other can specialize and become part of another plant 

structure. The meristematic tissue is therefore self-sustaining.  

While other plant tissues can be made of both living and dead cells, the meristematic cells are 

all living and contain a large ratio of dense liquid. 
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When a plant is injured, it is the undifferentiated meristematic cells that are responsible for 

healing the wounds through the process of becoming specialized.  

 

Types of Meristematic Tissue  

There are three types of meristematic tissues, categorized according to where they appear in the 

plant: "apical" (at the tips), "intercalary" (at the middle), and "lateral" (at the sides).  

The apical meristematic tissues: are also known as "Primary Meristematic Tissues," 

because these are what form the main body of the plant, allowing for vertical growth of stems, 

shoots, and roots. The primary meristem is what sends a plant's shoots reaching for the sky and 

the roots burrowing into the soil.   

Lateral meristems are known as "Secondary Meristematic Tissues" because they are what is 

responsible for an increase in girth. The secondary meristematic tissue is what increases the 

diameter of tree trunks and branches, as well as the tissue that forms bark.   

Intercalary meristems occur only in plants that are monocots, a group that includes the 

grasses and bamboos. Intercalary tissues located at the nodes of these plants allow the stems to 

regrow. It is intercalary tissue that causes grass leaves to grow back so quickly after being 

mowed or grazed. 
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2. Internal Secretory Glands: Vacuoles inside the tissues; they are of three types according to 

their origin: 

• Lysogenous glands: They are originated by the disintegration and dissolution 

(autolysis) of the glandular cells. i.e. Citrus fruits 

• Schizogenous glands: They are commonly produced by the separation of cells of 

vascular tissues or ground tissues, resulting in an intercellular space lined with secretory 

epithelial cells, thus the vacuoles appear more regular than the Lysogenic glands i.e. 

resin ducts 

• Laticiferous glands: They refer to individual cells or groups of connected cells 

containing a liquid called Latex. When formed of several cells, they can produce 

complex tube-like structures. They are classified into two types: 

1. Articulated: Longitudinal chains of connected cells. 

2. Non-articulated: A long tube like single cells 
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Different Regions of Dicot Root: 

1. Epiblema or Epidermis: It is the outermost unlayered with several unicellular root hairs. It 

consists of thin-walled, compactly arranged living parenchymatous cells. Usually, epiblema is 

characterized by the absence of stomata and cuticles. Sometimes the epiblema may be less 

cuticularised. It provides protection to the roots due to the presence of unicellular root hairs it 

also helps in the absorption of water and minerals from the soil. 

2. Cortex: It is a thin-walled, multilayered region made from circular or polygonal 

parenchymatous cells. they usually have intercellular spaces. The cortical cells have no 

chloroplast but may contain leucoplast for storage of starch grains. The cortex is responsible 

for the transportation of water and salts from the root hairs to the center of the root.  
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3. Endodermis – It is the innermost layer of the cortex and covers the stele. It consists of 

compactly arranged barrel-shaped parenchyma without intercellular spaces. Most of the cells 

are characterized by the presence of special thickening of suberin and lignin on their radial and 

tangential walls called casparian strips. Some endodermal cell near the protoxylem has no 

casparian strips and are called passage cells or transfusion cells. These cells allow the radial 

diffusion of water and minerals through the endodermis. 

4. Pericycle – It is the outermost layer of the stele and is composed of a uniseriate layer of 

parenchymatous cells without intercellular spaces. Some dicots and hydrophytes do not bear 

pericycle. Several lateral roots and lateral meristem arise from the pericycle region (hence 

lateral roots are endogenous in origin). At the time of secondary growth, it produces secondary 

cambium or phellogens. 

5. Vascular bundles – They are 2-8 in number, radial, and arranged in a ring. Xylem and 

phloem bundles are separated from each other by parenchymatous cells called conjuctive or 

complementary tissue. 
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 Xylem is exarch (i.e. protoxylem towards the periphery and metaxylem towards the centre) 

and consists of tracheids, vessels, xylem parenchyma and xylem fibres. 

 The pholem forms oval masses beneath the pericycle, alternating with xylem bundles. 

Pholem consists of sieve tubes, companion cells and pholem parenchyma. Usually pholem 

fibres are absent or reduced. 

6. Pith: It is feebly developed and centrally located. It consists of thin-walled, polygonal 

parenchyma cells with intercellular spaces. In dicots roots, it may be reduced or absent. It 

helps in the storage of food materials. 

 

Distinguishing Features of Dicot Root: 

The typical dicot roots show the following features. 

 Epiblema is uniseriate, thin walled, colourless without intercellular spaces and produce 

unicellular root hairs, hence also called as piliferous layer or rhidodermis. 

 Cortex is homogenous (without differentiation). 

 Endodermis consists of barrel shaped compact parenchymatous cells. It contains both 

casparian stripes and passage cells. 

 Pericycle uniseriate and become meristematic to give secondary roots and secondary 

tissues. 

 Vascular bundles are radial; Xylem is exarch; number of xylem bundles varies from 2 to 

4 rarely more (up to 6-8). Metaxylems are angular arranged in linear. 

 Usually conjunctive tissues are well developed. 

 Pith is very small or completed obliterated. 
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The typical monocot roots show the following features: 

 Epiblema is single layered, thin walled, colorless, polygonal without intercellular 

spaces, with presence of unicellular root hairs, hence also called as piliferous layer or 

rhizodermis. 

 Cortex may be heterogeneous with outer dead exodermis. 

 Endodermis consists of barrel shaped parenchyma without intercellular spaces. 

Casparian stripes are little present but passage cells are absent. 

 Pericycle gives lateral roots only, secondary growth is absent. 

 Vascular bundles are radial; Xylem is exarch, bundles more than six. Metaxylem 

elements are oval or circular. 

 Conjunctive tissues are limited or even absent. 

 Pith is large or rarely reduced. 

 

 

2. Features of Different Regions of Monocot Root 

1. Epiblema is the outermost single layer made from compactly arranged parenchymatous 

cells without intercellular space. Usually Epiblema has no stomata but bears unicellular 

epidermal root hairs and less amount of cutin. It contains more cuticle than dicot roots. 

The root hairs and thin walled epidermal cells take part in the absorption of water and 

minerals from the soil. The epiphytes have several layered hygroscopic epidermis, called 

velamen tissues. It is made from spongy dead cells which helps in absorption of water 

from atmosphere. It also checks excessive loss of water from cortex. Usually the wall of 

velamen has spiral or reticulate secondary thickening of cellulose, pectin and lignin. 

1. Cortex is a multi-layered well developed and made from oval parenchymatous cells 

with intercellular spaces. The intercellular spaces usually help in gaseous exchanges, 

storage of starch, etc. In monocots and several old roots, few layers of cortex just below 

epiblema give rise to a single or multilayered cuticularised sclerenchymatous region 

called exodermis. Cortex helps in mechanical support to the roots (like hypodermis to 

stem). 

2. Endodermis is innermost layer of cortex made from barrel shaped parenchyma. It forms 

a definite ring around the stele. These cells are characterized by the presence of 

casparian stripes. It is deposition of suberin and lignin, and their radial and tangential 

walls. Usually passage cells are absent in monocot roots. Due to presence of casparian 

stripes, endodermis forms water tight jacket around the vascular tissues, hence it is also 
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called biological barrier. It regulates the inward and outward flow of water and minerals 

and prevents diffusion of air into xylem elements. 

3. Pericycle is uniseriate (multiseriate in Smilax) and made from thin walled 

parenchymatous cells. It is outermost layer of stellar system. Usually it is made from 

parenchymatous cells but it may become sclerenchymatous in older roots. Several lateral 

roots arise from this layer. Hence, lateral roots are endogenous in origin. 

4. Vascular bundle is radial, arranged in a ring (except mangrove, which also contains 

lenticels), polyarch (presence of many alternating xylem and phloem bundles). Xylem 

and phloem are found at different radii alternating with each other (radial). The number 

of xylem and phloem vary from, 8 to 46 (100 in pandanus). The xylem is exarch, i.e. the 

protoxylem lies towards periphery and metaxylem toward center. The protoxylem has 

smaller vessels with spiral or annular thickening, whereas the walls of metaxylem 

contains pitted thickening. Phleom consists of seive tubes, companion cells and phloem 

parenchyma. Usually phleom sclerenchyma or fibers are absent. The phloem is also 

exarch (protophloem towards the periphery and metaphloem towards the center). 

Secondary growth is absent in monocot roots due to lack of vascular and cork cambium. 

Conjunctive tissue is parenchymatous tissues which separates xylem and phloem 

bundles. It may become sclerenchymatous in older roots. 

5. Pith is large, well developed portion of monocot root. It occupies the central portion and 

made from thin walled parenchymatou tissue with intercellular spaces. It contains 

abundant amount of starch grains. 

 

Monocot roots of maize have bands of vascular bundles. Bundles are not separate and vessels 

are not found in linear rows but arranged in V-shaped structure. 

  

http://www.eattheweeds.com/smilax-a-brier-and-that%E2%80%99s-no-bull/


 

Second Term Dr. AZZA MISK 2022-2023 

General Characters of Roots: 

1. A piliferous layer is found in young roots which is replaced by an Exodermis known as 

the periderm during secondary growth. 

2. The ground tissue is characterized into cortex and pith. 

3. The cortex is wider than the pith. 

4. Presence of a single layer of Endodermis. 

5. Suberin (impermeable to water) is deposited on the walls of Endodermis forming The 

Casparian Strip which is in the form of an O or U –shaped (Monocots), or in the form of 

lateral strips on their radial and tangential walls (Dicots). Walls that are not impregnated 

with Suberin are called passage cells. 

6. Radial arrangement of the vascular cylinder (Xylem and Phloem are arranged on 

alternating radii). 

7. The Xylem is Exarch. 
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The secondary growth in root also takes place by the activity of the cambium and cork 

cambium. It is a usual feature of dicotyledonous and gymnospermous roots, where it generally 

starts at a very early stage, so much so that it is difficult to get the roots without secondary 

growth in most of the cases.  

1. Activity of Cambium: 

Certain of the cells of conjunctive tissue just beneath the phloem become meristematic and 

form strips of cambium. The number of strips produced depends upon thus number of phloem 

bundles present. In a diarch root two, in triarch root three and in tetrarch root four such strips 

are formed. These strips exertend both ways in between phloem and xylem and ultimately unite 

with the pericyclic cells lying just outside the protoxylem.  

The pericyclic cells divide tangentially and produce two layers of which the cells of inner layer 

also become meristematic and unite with the strips of cambia and thus, a continuous wavy 
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band of cambium is produced extending down the phloem and over the xylem. It becomes 

active and forms new cells. 

It divides by periclinal divisions and then by anticlinal divisions for increase in circumference. 

The strip of cambium below the phloem becomes active earlier and the activity is much faster 

on the inner side. Because of this, phloem and cambium strip below it are pushed outward and 

the wavy band of cambium now becomes circular to form a cambium ring. Now the entire of 

the cambium becomes active.  

The cells formed on the inner side get differentiated into secondary xylem. It consists of 

comparatively large vessels, tracheids, a little wood fibres and well evolved xylem 

parenchyma. The activity of cambium is so fast on the inner side that after secondary growth 

xylem forms the main bulk of the root and is present in the form of solid core.  

The primary xylem bundles can remain intact up to the last or the crushed. The annual rings 

like the stem are not visible in roots. The pith is entirely crushed, or if some part is left the cells 

become thick walled. 

The secondary vascular tissues produced by the activity of cambium do not form a continuous 

ring but are interrupted by the bands of radially-elongated, parenchymatous cells, known as 

primary medullary rays. These are formed above each primary xylem patch and extend up to 

the phloem. Sometimes, other smaller medullar rays can also develop from other parts of 

cambium and may be known as secondary medullary rays. The number of rays goes on 

increasing with the increase in the size of the vascular cylinder.  

The secondary xylem cells vary in quantity if different roots, they have only tracheids in 

gymnosperms, only vessels in willow and both tracheids and vessels in most of the plants. In 

some storage roots storage parenchyma develops in the secondary xylem. The cells of 

secondary xylem are arranged in definite rows when first produced become irregularly 

disposed due to differential enlargement of various tracheid elements.  

Like the stem, in roots of perennial trees, shrubs and woody climbers also, the xylem elements 

produced in the bringing of each season are larger and thin walled, while those formed during 

late are smaller in size and are thick walled. Thus, annual rings are produced. 
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2. Activity of Cork Cambium:  

The secondary tissues produced by the activity of cambium exert a pressure on the outer tissue. 

To withstand this pressure, the cells of pericycle become meristematic and function as the 

phellogen or cork cambium. The cells of pericycle divide tangentially. Similar to stem, here 

also it produces layers of cork or phellem on the outside and secondary cortex or phelloderm 

on the inner side.  

The bark in the case of roots includes cork, endodermis, cortex and epiblema. In certain cases, 

the cork cambium may be formed from the phloem cells. In this case, the pericycle also 

produces the part of bark. Subsequent barks have only cork. Lenticels can also be formed here 

and there. When the bark is removed, the new cork cambium layer is formed from the 

parenchyma produced by the previous cork cambium. 
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Dicotyledonous and Monocotyledonous Stem 

Dicot Stem 

 
The dicotyledonous stem is usually solid. The transverse section of a typical young 

dicotyledonous stem consists of the following parts: 

 The epidermis is the outermost protective layer, which is covered with a thin layer of 

cuticle. 

 Epidermis possesses trichomes and a few stomata. 

 Cortex is multi-layered cells sandwiched between epidermis and pericycle. 

 The outer layer, hypodermis (collenchymatous cells), the cortical layers 

(parenchymatous cells) and the inner layer, endodermis together make up the three 

subzones of the cortex. 

 Next to endodermis is the pericycle, which is constituted of semi-lunar patches of 

sclerenchyma. 

 ‗Circled‘/ ‗ring‘ arrangement of vascular bundles is present only in dicot stem. 

 The Vascular bundle is conjoint, open and with endarch protoxylem. 

 Pith is evident and is made of parenchymatous cells. 
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Monocot Stem 

 
Monocot stem is usually hollow with no secondary growth. The anatomy of monocot and dicot 

stem are similar, however, some notable differences are as follows: 

 The hypodermis of the cortex in monocots is made of sclerenchymatous cells. 

 Vascular bundles are numerous, but scattered, conjoint and closed, surrounded by the 

ground tissue. 

 Phloem parenchyma is absent. 
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Second Term Dr. AZZA MISK 2022-2023 

  



 

Second Term Dr. AZZA MISK 2022-2023 

Plant Leaf 

Leaf tissues are composed of layers of plant cells. Different plant cell types form three main 

tissues found in leaves. These tissues include a mesophyll tissue layer that is sandwiched 

between two layers of epidermis. Leaf vascular tissue is located within the mesophyll layer.  

Epidermis  

The outer leaf layer is known as the epidermis. The epidermis secretes a waxy coating called 

the cuticle that helps the plant retain water. The epidermis in plant leaves also contains special 

cells called guard cells that regulate gas exchange between the plant and the environment. 

Guard cells control the size of pores called stomata (singular stoma) in the epidermis. Opening 

and closing the stomata allows plants to release or retain gases including water vapor, oxygen, 

and carbon dioxide as needed.  

Mesophyll  

The middle mesophyll leaf layer is composed of a palisade mesophyll region and a spongy 

mesophyll region. Palisade mesophyll contains columnar cells with spaces between the cells. 

Most plant chloroplasts are found in palisade mesophyll. Chloroplasts are organelles that 

contain chlorophyll, a green pigment that absorbs energy from sunlight for photosynthesis. 

Spongy mesophyll is located below palisade mesophyll and is composed of irregularly shaped 

cells. Leaf vascular tissue is found in the spongy mesophyll.  

Vascular Tissue  

Leaf veins are composed of vascular tissue. Vascular tissue consists of tube-shaped structures 

called xylem and phloem that provide pathways for water and nutrients to flow throughout the 

leaves and plant. 

  

https://www.thoughtco.com/what-is-a-plant-cell-373384
https://www.thoughtco.com/plant-tissue-systems-373615
https://www.thoughtco.com/chloroplast-373614
https://www.thoughtco.com/organelles-meaning-373368
https://www.thoughtco.com/plant-tissue-systems-373615
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