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Chapter 1: Introduction 
 

to 
 

plant morphology 
 
 
 
 

 

What is Plant? 

 

What, exactly, are plants? Who are the members of the kingdom Plantae? 

The  plant  is  an  eukaryotic  organism that  photosynthesizes  to  get  food 

(autotroph). 

Opinions vary among scientists, but using such a broad definition, the major 

groups  of  "green  plants"  are  algae,  bryophytes,  ferns  and  fern  allies, 

gymnosperms, and basal and angiosperms. 
 

What is Plant Morphology? 

 

The diverse forms of life on earth were described only by observation –  

through naked eyes or later through magnifying lenses and microscopes. 

This description is mainly of gross structural features, both external and 

internal. 

Morphology is a branch of biology dealing with  studying  the form and 
 

structure of organisms and their specific structural features. 
 

"Morphology" is derived from two Latin words (Morphe = form + logos = 

study). 

Plant morphology is a botany field that studies the external forms and 

features of different plant organs like roots, stems, leaves, flowers, seeds, 

fruits, etc.  In addition to their gross internal structures. 
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Importance of Morphology 

 

Knowledge   of   morphology   is   essential   for   the   recognition   or 
 

identification of the organism. 
 

It is an important criterion for the classification of organisms. 
 

It gives information about the range of variations found in a species. 
 

Knowledge of plant morphology is required to study various aspects of 
 

plant life like anatomy, physiology, genetics, ecology, etc. 
 

Deficiency   and   toxicity   symptoms   are   morphological   changes   

in response to a shortage or excess minerals. 

Morphology  is  the  basis  of  studying  the  ecological  adaptation  of  

an organism to the environment. 
 

Morphology of flowering plants 

 

The  body  of  a  typical  flowering  (angiosperms)  plant  (Figure  1)  can  be 
 

divided into: 
 

1- An underground root system 

2- An aerial shoot system. 
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Figure 1: Entire plant body 
 

The root system is homogenous and consists of the main root and its lateral 

branches. 

The  shoot  system  is  heterogeneous  and  consists  of  the  stem (including 

branches), leaves, and flowers. 
 

The parts of the plant body mainly concerned with important functions of 

nutrition and growth are called vegetative parts. e.g., root, stem, and leaves, 

while the parts which perform functions of sexual reproduction are called 

floral or reproductive parts. e.g., flower. 
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Chapter 2: Seeds 
 

and 
 

seedlings 
 

 

A seed has been described as a miniature plant packaged for storage and 

shipment. 

This is a very good definition, for a seed does contain a miniature plant in the 

form   of   the   embryo,   along   with   reserve   food   storage   (endosperm, 

cotyledons, or other nutritive tissue) and a protective wrapping (seed coat). 

Botanically,  a  seed  is  a  fertilized  ripened  ovule.  consisting  of  an  outer 

protective seed coat enclosing an embryo and a reserve food supply. 

All flowering plants bears seeds which encloses an inactive embryo. 
 

Under suitable conditions the embryo becomes active and germinates to give 
 

rise an adult plant. 

Function 

1.  Propagation 
 

2.  Feed 
 

3.  Horticultural uses 
 

4.  Food 
 

5.  Oil 
 
 

Parts of a Typical Seed 
 

The seeds for new life are found inside the fruit. They contain everything 

necessary for the growth and development of a new plant. 
 

1- Seed Coats 
 

a protective covering or seed coat which shields the embryo and endosperm 

and may also play an important part in controlling factors which initiate 
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germination  of  the  seed,  in  particularly  entry  of  moisture  and  gaseous 

exchange. It consists of two distinct layers, testa and tegmen. 
 

a) Testa is the outer seed coat that is smooth, thick, impenetrable, and 
 

may be colored. 
 

The testa should not be confused with the pericarp or ripened ovary wall, 

which forms the outer covering of such one-seeded fruits as caryopses (corn, 

wheat), achenes (sunflower, sugar beet), and other true fruit structures that 

are commonly called seeds. 
 

b) Tegmen is the inner seed coat which is thin membranous, and hyaline 

and remains fused with testa. The seed may contain is one or more 

integuments. 
 

The hilum is a scar on the seed coat where the seed breaks from 

the stalk of the funiculus. 
 

Micropyle is a minute pore close to the hilum at one end. 
 

During seed germination, water is absorbed mainly through the micropyle, 

and the radicle comes through it. 
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Figure 2: seed coat of broad bean (Vicia faba) 
 

2- Embryo 
 

An immature plant is enclosed in a seed coat. 
 

The embryo consists of a root-shoot axis (embryonal axis) and attached 

cotyledon(s). The root-shoot axis with the necessary meristematic tissue 

allows it to grow and develop into  a new plant upon germination.  The 

cotyledons are attached laterally to the embryonal axis. The portion of the 

axis lying outside the cotyledons bent inward and directed towards the 

micropyle, is the radicle (embryonic root). The portion of the axis above the 

point of attachment of cotyledons is called the plumule (embryonic shoot). 

The  region  of  the  embryo  axis  between  the  radicle  and  its  point  of 

attachment to the cotyledon is called the hypocotyl. Similarly, the region of 
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the embryo axis between the plumule and its point of attachment to the 

cotyledon is called the epicotyl. 
 

The number, size, Shape, and function of the cotyledons varies depending 

upon the species. In general, monocots have one cotyledon, dicots have two 

cotyledons, and gymnosperms can have from one to several cotyledons. In 

monocotyledonous grass species, the cotyledon is called the scutellum. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3: A typical dicot seed. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4: Monocot grain 
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3- Storage tissues 
 
 

The food supply contains the substances which will nourish the embryo 

during its development prior germination. It can take one of several forms. 

Most   dicotyledonous   plants   store   their   food   within   the   cotyledons. 

Therefore, their storage tissue is actually a part of the embryo (e.g., bean or 

pea), such seeds lack endosperm at maturity are called non-endospermous. 

 

On the other hand, in several other plants such as castor bean (Ricinus 

communis) and cereals (Monocotyledonous plants), such as corn and wheat, 

store their food in endosperm tissue which is not part of the embryo. Such 

seeds are called endospermous. The endosperm can be made up of proteins, 

carbohydrates, or fats. 
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Figure 5: The diagrams above typify the kinds of food storage tissue found in seeds and 
illustrate various seed structures (ISTA, 2003). 
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SEED GERMINATION 

 

Germination is defined as the emergence and development from the seed 

embryo of those essential structures which indicates its ability to produce a 

normal plant under favorable conditions. 

 

Seed germination depends on both internal and external conditions. The 

most important external factors include right temperature, water, oxygen or 

air  and  sometimes  light  or  darkness.  Various  plants  require  different 

variables for successful seed germination. 

 

Types of seed germination 

 

Epigeal Germination: 
 

Epigeal  germination  is  characteristic  of  bean  and  pine  seeds  and  is 

considered  evolutionarily   more  primitive  than  hypogeal   germination. 

During germination, the cotyledons are raised above the ground, where they 

continue to provide nutritional support to the growing points. During root 

establishment,  the  hypocotyls  begin  to  elongate  in  an  arch  that  breaks 

through the soil, pulling the cotyledon and the enclosed plumule through the 

ground and projecting them into the air. Afterward, the cotyledons open, 

plumule growth continues, and the cotyledons wither and fall to the ground 

(shape 2). 

 
 
 

 

https://www.youtube.com/watch?v=m40HBhkgwBQ 
 
 

Hypogeal Germination: 
 

Hypogeal germination is characteristic of pea seeds, all grasses such as corn, 

and many other species. During germination, the cotyledons or comparable 

storage organs remain beneath the soil while the plumule pushes upward 
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and emerges above the ground. In hypogeal germination, the epicotyl is the 

rapidly elongating structure. Regardless of their above-ground or below- 

ground locations, the cotyledons or comparable storage organs continue to 

provide nutritional support to the growing points throughout germination. 

 
 
 

 

https://www.youtube.com/watch?v=wW7ztp3rvoQ 
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Figure 6: a- Epigeal and hypogeal germination in dicots 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 6: b- hypogeal germination in monocots 

 
 

Structure of Monocotyledonous Seed (Maize) 

 

The grain shows two unequal portions separated by a definite epithelium in 

the longitudinal section. 

The endosperm is the bigger portion occupying the major portion of the 
 

seed, which stores starch, protein, and oil. 
 

The  endosperm  is  externally  surrounded  by  a  portion  sheath  called 

aleurone. 

The embryo consists of a single large shield-shaped cotyledon that lies lateral 

and parallel to the embryo axis, known as the scutellum, and a short axis. 

The upper portion of the axis with minute leaves arching over it, is called the 

plumule, and the lower portion provided with the root cap is called the 

radicle.  The  plumule  is  surrounded  by  a  leaf-sheath  called  coleoptile, 

whereas the radicle is surrounded by a root sheath called coleorhiza. 

On germination, the radicle gives rise to the root and the plumule to the 

shoot. 
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Besides the basic structures (endosperm, embryo, and seed-coat), certain 

special structures may arise during seed development. In castor bean, a 

fleshy whitish tissue, the caruncle, develops at one end of the seed. It is 

derived from the integument. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 7: structure of maize grain. A. grain illustrating external characters; B. lateral side of the 

grain; C. section of the grain showing its internal structure. 
 

Factors affecting seed germination 

 

Seeds need the right environmental conditions and a favorable internal 

environment   to   germinate.   Several   factors   affecting   the   method   of 

germination are described below 

 
External or Environmental Factors 

 
1)  Water 

 

Water is required for germination. Sufficient water is important to start the 

seed's enzymatic activity and metabolism. Mature seeds are often extremely 

dry and need significant amounts of water. Most seeds need enough water 

to moisten the seeds but not enough to soak them. The intake of water by 

seeds is called imbibition, which leads to swelling and rupturing of the seed 

coat, thus allowing the seedling to emerge from the seed. When seeds are 

formed, most plants store a food reserve with the seed, such as starch, 
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proteins, or oils. This food reserve provides nourishment to the growing 

embryo. When the seed imbibes water, hydrolytic enzymes are activated, 

breaking  down  these  stored  food  resources  into  metabolically  useful 

chemicals. After the seedling emerges from the seed coat and starts growing 

roots and leaves, the seedling's food reserves are typically exhausted; at this 

point, photosynthesis provides the energy needed for continued growth, and 

the seedling now requires a continuous supply of water, nutrients, and light. 
 

2)  Oxygen: 
 

The germinating seed requires oxygen for metabolism. Oxygen is used in 

aerobic respiration, the main source of the seedling's energy until it grows 

leaves. Oxygen is an atmospheric gas found in soil pore spaces; if a seed is 

buried too deeply within the soil or the soil is waterlogged, the seed can be 

oxygen  starved.  Some  seeds  have  impermeable  seed  coats  that  prevent 

oxygen from entering the seed, causing a type of physical dormancy broken 

when the seed coat is worn away enough to allow gas exchange and water 

uptake from the environment. 
 

3)  Temperature 
 

This is a critical factor in germination with each seed requiring a specific 

temperature range. Generally, the warmer the temperature, the faster is the 

rate of germination. Most seeds germinate over a wide temperature range 

from 16°C to 24°C. Depending on the climate, some seeds germinate when 

the soil is cool 28-40 F (from -2°C to -4°C), while others require a warmer 

temperature 76-90 F (24°C to 32°C). Some seeds require exposure to cold 

temperatures to break dormancy. 
 

4)  Light/darkness. 
 

One  of  the  most  important  factors  for  a  seed  to  germinate  is  the 

presence/absence of light. Seeds that respond to light for germination are 
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called photoblastic. For example, plants like lettuce and tobacco need light 

for germination and are called positive photoblastic seeds. In contrast, the 

seeds  of  onion  and  lily  germinate  only  in  darkness,  being  negatively 

photoblastic. 

5)  Soil Salinity 
 

High salt concentrations in the soil inhibits water uptake by the seed, making 

the soil unfit for germination. This causes the seed to become dormant. 

Frequent watering and the use of organic fertilizers are some ways to reduce 

soil salinity. 

 

Internal Factors 
 

1)  Seed Viability: 
 
 

The growth hormone gibberellin helps the seed germinate and become a 

baby  plant  by  shedding  the  seed  coat.  An  immature  embryo  will  not 

germinate  until  it  attains  complete  maturity.   Depending  on  the  plant 

species, a seed can remain viable for germination for a week to many years. 

 

2)  Dormancy Period: 
 

Factors  such  as the  presence  of tough  and impermeable seed  coats, 

growth inhibitors, and the absence or shortage of food supply can cause 

a  seed  to  remain  inactive  or  dormant.  Here,  gibberellin  plays  an 

important  role in  breaking seed  dormancy and  thus  making  the  seed 

return to active metabolism 

 
Dormancy 

 
State  of  suspended  growth  to  survive  adverse  conditions  and  aid  in 

dispersion 
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Seed coat dormancy 
 

When the seed coat is impermeable to water and gases (oxygen), it requires 

action   by   weathering,   microorganisms,   passage   through   an   animal's 

digestive tract, or fire to soften the seed coat. 

Embryo dormancy 
 

This is due to physiological conditions that block germination in the embryo 

itself. It requires a specific cold (or heat) period with available moisture and 

oxygen. Embryo dormancy is common in woody plants. 

Double dormancy 
 

A combination of two or more types of dormancies is known as 'double 
 

dormancy'. 
 

 In some species, seeds have dormancy due to hard seed coats and 
 

dormant embryos. 
 

 For instance, some tree legumes' seed coats are waterproof, while 
 

their embryo is also dormant. 
 

 Such seeds require two years to break dormancy in nature. In the first 
 

spring, the microorganisms act upon the seed, making it weak and soft, 

and then embryo dormancy is broken by the chilling temperature in 

the winter next year. 

Rudimentary embryo dormancy 
 

Morphological  dormancy  (Rudimentary  and  linear  embryo): Dormancy 

occurs in some seeds in which the embryo is not fully developed at the time 

of seed dissemination. Such seeds do not germinate if planted immediately 

after harvesting. 

Physiological dormancy 
 

The seed contains some chemical that blocks germination.   Many desert 

plants contain chemical germination inhibitors leached out in a soaking rain. 
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Chapter 3: ROOT MORPHOLOGY 
 
 
 
 
 
 

Radicle emerges from the seed coat in a soft structure and moves toward the 

soil. It develops and forms the primary root. 
 

GENERAL CHARACTERS 

 

Roots are non-green, and underground 
 

Positively geotropic (grow towards gravity) 
 

Positively hydrotropic (grow towards the water) 
 

Negatively phototropic (grow away from light). 
 

Absence of leaves and buds. 
 

Roots do not bear nodes and internodes. 
 

Roots have unicellular root hairs. 

 

FUNCTIONS OF ROOT 
 

Roots anchor the plant in the soil. 
 

Absorption of water and minerals 
 

Storage of food 
 

Conduction of water 
 

Photosynthesis and respiration 
 

Climbing 
 

Roots hold the soil particles together. 
 

REGIONS OF ROOTS 

 

Morphologically 4 distinct regions are present in roots: 
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1- Root cap (calyptra) 
 

The root is covered at the apex by a coat called calyptra (cap). It is a terminal 

structure protecting the delicate meristematic cells of the growing point at 

the tip of the root from injury. 

2- Meristematic zone 
 

it  is  an  area  of  cell  division  and  growth  present  at  the  root  tip  and 

manufactures new cells. 

Cells  of  this  region  repeatedly  divide  to  increase  cell  number  and  the 

formation of new tissues. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8: Root regions 
 

3- Elongation region 
 

The cells proximal to the meristematic zone undergo rapid elongation and 

enlargement and are responsible for the rapid growth of roots. As they grow, 

they push the root through the soil. 

4- Maturation region 
 

It is directly behind the elongation zone. Cells proximal to the elongation 
 

region gradually mature and differentiate into various tissues. 

It is covered by numerous root hairs (Absorption Zone). 
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TYPES OF ROOTS 

 

Roots are of two types: Tap root and adventitious root 
 

Taproot 
 

It developed from a radicle with one main branch and other sub- 

branches. The primary roots and their branches constitute the tap root 

system. e.g., Dicot roots (Shape 4). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9: Taproot, adventitious fiberous root 
 

Adventitious roots 
 

In some plants, the tap root, which arises from a radicle, stops after 

some time of growth. Then roots grow from any part of the plant other than 

the radicle or its branches and are known as adventitious roots, e.g., Monocot 

roots. 

 

 

MODIFICATION OF Tap ROOTS 

 

1.  Modified tap root for storage (Shape 5): 
 

a.  Fusiform roots: here, the roots are thicker in the middle and tapered 
 

on both ends. This type of root helps store food, e.g., Radish. 
 

b.  Conical roots: It is cone-like in structure; the roots are thicker at 
 

their upper side and tapering at the basal end, e.g. Carrot. 
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c.  Napiform roots: These roots become swollen and spherical at the 

upper end and tapered like a thread at their lower end, e.g., Turnip 

(Brassica rapa), Sugarbeet 

2.  Nodulated  tap  root:  Nodules  are  formed  on  branches  of  roots  by 

nitrogen-fixing bacteria (Rhizobium), e.g., Plants of Leguminosae family 

(Papilionacae) – Pea. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 10: Modified tap roots (storage, nodulated) 
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Modification of adventitious roots: 

 

1.  Storage adventitious roots: 
 

i. Tuberous root: When food is stored in these roots, they become 
 

swollen but have no specific shape, e.g. Sweet potato (Ipomea 

batata) (Shape 6) 

ii. Fasciculated:  When  several  tuberous  roots  occur  in  a  cluster 
 

arising from the same place in a cluster from the lower stem node, 
 

e. g. Dahlia, Asparagus. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 11: tuberous and fasciculated adventitious roots. 
 
 
 

2.  Prop or pillar root: They are thick pillar-like adventitious roots which 

grow from and support heavy horizontal branches of Banyan tree. 

Initially the roots are aerial and hygroscopic. They become red in the 

moistened state. Root caps are present at their tips. 

As the roots reach the soil, they become thick and pillar-like. The main 

trunk of the tree often becomes indistinguishable. Its death will not 
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affect  the  growth  of  the  tree  because  the  crown  is  supported  and 

nourished by prop roots. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 12: Prop or pillar roots of Ficus benegalensis (Banyan tree) 
 
 

3.  Stilt:   They  are  short  but  thick  supporting  roots  which  develop 

obliquely  from  the  basal  nodes  of  the  stem.  In  Sugarcane,  Maize, 

Pennisetum  and  Sorghum  the  stilt  roots  grow  in  whorls.  After 

penetrating the soil, they develop fibrous roots which hold the soil 

firmly  to   provide  support   to  the  long   and  narrow   jointed  and 

unbranched stems (culms) like the ropes of pole or tent. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 13: Stilt roots in Maize 
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4.  Respiratory roots: Halophyte or mangrove grows in oxygen-deficient 

marshy areas. Some roots in these plants grow vertically & come out 

from the soil. These roots are called pneumatophores, through which air 

enters  the  plant.  E.g.  Rhizophora,  Heritiera,  Sonaratia,  and  other 

mangrove plants. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 14: Pneumatophores in mangrove plants. 

 
 
 

5.  Clinging  or  Climbing  roots  are  non-absorptive  adventitious  roots; 

they arise from the nodes or internodes, penetrate the cracks or fissures 

of the support, and secrete a sticky juice to help the plant climb. E.g., 

Money plant (Pothos), Betel, Black pepper. 
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Figure 15: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 16: parasitic roots and climbing roots 

 

6) Sucking, haustorial or parasitic roots: The roots occur in parasites 

for absorbing nourish-ment from the host. Hence, they are also called 

sucking roots or suckers. Cuscuta has nongreen stems and scale leaves. 

It does not have any connection with the soil. The parasite sends 

haustorial roots into the host (e.g., Duranta). They make connections 
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with both xylem (water channel) and phloem (food channel) of the 

host absorbing both water and food. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 17: Root of parasitic plant, Orobanche minor. (a) Seed germination. (b) Seedling 

 
attaches to host root with haustoria. 

 
7) Hygroscopic roots: The roots occur in epiphytes (plants living on the 

surface  of  other  plants  for  shelter  and  space  only).  The  aerial  or 

epiphytic roots are thick, irregular, and hang down in the air. They do 

not have root caps and root hair. Instead, they possess a covering of 

dead spongy tissue known as velamen. With the help of velamen, the 

epiphytic roots can absorb water from the moist atmosphere, dew, and 

rain, e.g., Vanda. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 18: 

 
 
 

- 27 - 



 
 
 

Lectures in Plant Morphology : 2022/2023 
 

 

Chapter 4: STEM MORPHOLOGY 
 
 
 
 

 

The term shoots often confused with stems; shoots generally refer to new 

fresh plant growth and include stems and other structures like leaves or 

flowers. 
 

The stem is the ascending part of the plant formed by the elongation of the 

plumule of the embryo. It bears leaves, branches, and flowers. 
 

Stems are differentiated into regions called nodes. Leaves and branches arise 

from nodes. The portion between the nodes is called the Internode. 
 

The number of leaves at a node is usually specific for each plant species. 
 

In most plants, stems are erect, strong, and usually grow away from the soil 

(negatively geotropic), but some have underground stems. 
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Figure 19: Shoot system component 

 

Functions of Plant Stem:- 
 

The primary functions of plant stem are: 
 
 

1.  Plant stems to aid in the elevation and support of leaves and keeps 
 

them in the light. 
 

2.  The stem bears flowers and fruits in position to facilitate the processes 
 

of pollination and fertilization. 
 

3.  Transport of fluids between the roots and the shoots. 
 

4.  Storage of nutrients. 
 

5.  Production of new living tissue. Plant cells typically last one to three 

years. Meristem cells found in stems produce new live tissue every 

year. 

Secondary or Accessory functions: 
 

1.  Perennation 
 

2.  Storage of food 
 

3.  Photosynthesis 
 

4.  Vegetative propagation 
 

5.  As climbers 
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While most stems are erect, aerial structures, some remain underground, 

others lie prostrate on the surface of the ground, and still, others are so short 

and inconspicuous that the plants are said to be stemless. 

 

There are some specialized terms for stems: - 
 

Acaulescent - used to describe stems in plants that appear to be stemless. 

These stems are extremely short, the leaves appearing to rise directly out of 

the ground (Viola). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Pseudostem - A false stem made of the rolled bases of leaves, which may be 
 

2 or 3 m tall (banana). 
 

The pseudostem is a false stem of the banana plant that looks like a trunk. It 

is  formed  by  tightly  packed  overlapping  leaf  sheaths.  The  pseudostem 

continues to grow as the leaves emerge one after the other and reach their 

maximum height when the inflorescence emerges at the top of the plant. 

Even though the pseudostem is very fleshy and consists mostly of water, it is 

quite sturdy and can support a bunch that weighs 50 kg or more. 
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Cladophyll - a flattened stem that appears leaf like and is specialized for 

photosynthesis (Cactus). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 20:: (A) acaulescent, (B) cladophyll, (C) pseudostem 
 
 
 
 

Buds 

 

Bud is an embryonic shoot with an immature stem tip. It is a compact body 

with  an  axis  with  a  delicate  growing  point,  nodes,  short  unexpanded 

internodes, and closely crowded young leaves. 
 

Buds  may  be  classified  and  described  according  to  different  criteria: 
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location, status, morphology, and function. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 21: Buds, terminal and axillary 
 
 
 

Types of buds 
 

i.  According to their location:- 
 

1.  Terminal or apical buds: are present at the apex of the stem and the 
 

branches. They are responsible for the growth in length of the axis. 
 

2.  Axillary  or  lateral  buds  originate  from  the  axils  of  the  leaves. 

Normally one bud develops from the axil of a leaf, but in some plants, 

more than one bud may be present there. Lateral buds usually grow 

into branches. 

3.  Adventitious,  when  buds  arise  from  any  position  other  than  the 
 

normal ones, for example, on the trunk, leaves, or roots. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 22: Buds, adventitious and accessory 
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ii.  Types of buds according to status:- 
 

1.  Accessory,  for  secondary  buds,  formed  besides  a  principal  bud 
 

(axillary or terminal). 
 

2.  Resting for buds that form at the end of a growing season will lie 
 

dormant until the next growing season. 
 

3.  Dormant, for buds whose growth has been delayed for a rather long 

time, the term is usable as a synonym of resting but is rather employed 

for buds waiting undeveloped for years. 

4.  Pseudoterminal, for an axillary bud taking over the function of a 
 

terminal bud when it dies (beech). 
 

iii.  Types of buds according to morphology:- 
 

1.  Scaly (winter), brown scales (are transformed into reduced leaves) 
 

cover and protect embryonic parts. Present in deciduous plants (Vitis) 
 

2.  Naked (summer), when not covered by scales. Present in herbaceous 
 

and evergreen plants (Duranta). 
 

3.  Hairy: is protected by hairs (applied to scaly or naked buds). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 23: Scaly buds (A) and naked buds (B). Credits: Michael G. Andreu 
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iv.  Types of buds according to function- 
 

1.  Vegetative, if only containing vegetative pieces: embryonic shoot with 
 

leaves (a leaf bud is the same). 
 

2.  Reproductive, if containing embryonic flower(s) 
 

3.  Mixed, if containing both embryonic leaves and flowers. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

B 
 
 

Figure 24: Vegetative buds (A) and Reproductive or flowering buds (B). 
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Plant branching 

 

The shoots of most vascular plants branch according to a consistent plan. 
 

There are two main types of branching in stems: 
 

1.  Apical  (dichotomous)  branching:  A  simple  type  of  branching  in 
 

plants   where   the   apical   bud   splits   or 

bifurcates into two, each forming a branch, 

and  in  the  same  way,  the  tips  of  these 

daughter branches also divide and redivide 

at various intervals. By repetition of this 

branching  in  various  plants,  distinctive 

shoot systems may be produced 

(Hyphaena). 
 
 
 
 
 

 
Figure 25: Apical (dichotomous) branching in Hyphaena 

 
 
 

2.  Axillary (Lateral) branching: In this type, the axillary buds normally 

develop on the main axis at the angle between a leaf and a stem—that 

is, in a leaf axil, and grow to give lateral branches. There are two main 

types (monopodial and sympodial). 

A.  Monopodial branching occurs when the terminal bud continues 

to  grow  as  a  central  leader  shoots,  and  the  lateral  branches 

remain subordinate. This pattern shows one main shoot with 

lateral branches (Christmas tree, Casuarina). 

B.  Sympodial branching occurs when the apical bud either dies or 

is differentiated into a flower, a thorn, or a tendril and thus loses 

its ability to grow. One or more axillary buds grow out (Vitis). 
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Figure 26: Monopodial branching 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 27: types of stem branching 
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Figure 28: sympodial branching in Cynodon. 

 
 

 

Type of Stems 

 

There are different sorts of aerial stems or stems that are upright. They 

include  tendrils,  runners,  and  thorns.  Succulents  are  plants  with  bigger 

fleshy stems that help plants retain water in dry areas. Some stems are 

underground such as bulbs and tubers. Some stems cannot hold themselves 

up but need support. 
 

A. Plant structure: there are two main types:- 
 

1.  Woody plant: a perennial tree or shrub. The stem remains above ground 

during the winter. A woody stem also develops secondary tissue and 

increases in stem diameter. About 50% of the plants in the world are 

woody plants. Woody perennials can be divided into 3 main types. 

a.  Arborescent: tree-like in size, usually with a single main trunk or 
 

stem. 
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b.  Shrubby or fruticose: Woody throughout and large, usually with 
 

several main stems. 
 

c.  Suffrutescent: semi-shrub with stems only woody at the base. The 
 

woody stems only partially die back each year. 
 

2.  Herbaceous plants: have no persistent woody stem above ground. 
 
 

 

Plant Life Spans 

 

The length of time from the beginning of development to the death of a plant 

is called its life span. 
 

a.  Annuals: Plants that complete their life cycle in one year, a single 

growing season, or a few weeks to a few months. They pass the 

unfavorable period in the form of seeds, e.g., Mustard, Pea. 

They germinate, mature, bloom, produce seeds, and die during this 
 

period. 
 

Summer  annuals  complete  their  life  cycle  during  spring  and 

summer.  While  winter  annuals  complete  their  growing  season 

during winter 

b.  Biennials:  Plants  that  complete  their  life  cycle  in  two  years- 

growing.  It  produces  vegetative  structures  (leaves)  and  food 

storage organs during the first year. The plant overwinters and 

then produces flowers, fruit, and seeds during its second year. They 

die off after producing flowers and fruits. e.g., Radish, turnip, and 

carrot are biennial in colder areas. They become annual in warmer 

places. 

c.   Perennials: Plants that survive for 3 or several years. These plants 

usually  bear  flowers  and  fruits  yearly  and  do  not  die  after 

producing flowers. e.g. Mango, Banana, Guava 

 

- 38 - 



 
 
 

Lectures in Plant Morphology : 2022/2023 
 
 

Types of stems according to growth pattern: 
 

There are two main types 
 

1.  Erect stems: These are strong stems having a vertical or upright habit. 
 

2.  Weak stems are thin, delicate, slender, and cannot stand erect. These 
 

need mechanical support to expose their leaves to the sun. 

They are of the following types: 

a.  Trailers: These stems, after trailing for some distance, lift its apex 
 

that bears flowers (Euphorbia, Portulaca). 
 

b.  Prostrate: These weak stems lie horizontal on the ground and 
 

having one root system (Cucurbita). 
 

c.  Runners: It grows prostrate in all directions above the soil level. 

Nodes  bear  scale  leaves.  It  has  a  creeping  stem  with  long 

internodes.  On  the  lower  sides,  nodes  bear  adventitious  roots. 

Runner develops from the axils of lower leaves of the aerial stem, 

which sends slender horizontal branches in the form of runners. 

When older parts of the plant die, the branches separate from the 

parent plant and form independent plants. Only the mother plants 

contain true roots the daughter plants contain adventitious roots 

(Strawberry). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 29: runners 
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d.  Twiners: The weak stem of these plants have the habit of twining 

around  supports  without   any  special  organs  for  attachment 

(Convolvulus, Phaseolus) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 30: twiners 
 

 

e.  Climbers – Plants with long weak stems have attachment organs to 
 

climb the object. They may be of the following type: 
 

Rootlet   climbers   –   Roots  produced  at   nodes  help   in 
 

climbing, e.g., Tecoma, Pothos, and Piper. 
 

Hook   climbers   –   In   Bougainvillea,   the   Thorns   are   a 
 

modification of axillary vegetative buds which helps climb. In 

Bignonia, the terminal leaflet is converted into a hook. 

Tendril climbers: Tendrils are a thread-like structure that 
 

helps plants in climbing. Tendrils are modifications of: 
 

Entire leaf, e.g., Lathyrus sativus. 

Leaflet, e.g., Pisum sativum 

Petiole, e.g., Clematis, Nepenthes. 

Stipule, e.g., Smilex. 

Stem, e.g., Vitis (grapevines). 
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Figure 31: tendril climber 
 

2. Underground Stems 
 

Stems of some plants remain in the ground and serve the function of 

perennation and storage of food. They produce aerial shoots annually. They 

are protected from herbivores by being present in the soil. They resemble 

roots superficially but are distinguishable by the presence of scale leaves and 

buds at nodes. Such stems also act as a means of vegetative propagation. 
 

Types of underground stems: 

 

(i) Rhizome: It is a prostrate, underground stem provided with distinct 

nodes and internodes, scaly leaves at nodes, and axillary as well as terminal 

buds. These buds in favorable conditions give rise to aerial shoots, which 

derive nourishment from them ( e.g., Canna, Cynodon, and Ginger). 
 

(ii) Tuber: These are swollen ends of underground branches which store 

food. It has distinct notches called eyes which represent nodes. The eyes of 

potatoes are nodes at each of which 1-3 buds are produced in the axils of 

small scaly-like leaves. Axillary buds give rise to new shoots e.g. Potato 

(Solanum tuberosum). 
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Figure 32: Rhizome 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 33: Tuber, Bulb, Corm, and Rhizome 

 

 

(iii) Bulb: a short underground stem with fleshy leaf base called scales. Stem 

is very much reduced and becomes disc like. The discoid stem in convex 

or conical in Shape and bears highly compressed internodes. These node 

bear fleshy scales. On the upper side, disc bears terminal bud surrounded 

by a number of leaves. The axillary buds are present between the axis of 

 
- 42 - 



 
 
 

Lectures in Plant Morphology : 2022/2023 
 
 

the leaves. The adventitious roots are borne on the lower side of the disc 

(Onion, Tulip). 
 

(iv) Corm: is a short, thick and un-branched underground stem with stored 

food material. It grows vertically and covered by thin sheathing leaf bases 

of dead leaves called scales. The corm bears buds at their nodes. These 

buds are responsible for giving off adventitious roots. Corm serves the 

functions of food storage, vegetative propagation and perennation. Corm 

is more or less rounded in Shape or often somewhat flattened from top to 

bottom, e.g., Colocasia. 
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Modification of Aerial stems: 

 

The aerial stem is modified in  some plants to perform various unusual 

functions. Different forms of these stems are the following: 
 

1- Modification of stem into tendril: 
 

It is a leafless, spirally coiled branch formed in some climbers and helps them 

climb  neighboring  objects;  it  may  be  a  modification  of  an  axillary  bud 

(Passiflora) or a modification of a terminal bud (Grapevine). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 34: stem modified into a tendril 
 

2- Modification of stem into thorn: 
 

The thorn is a hard and straight structure. In Bougainvillea and Duranta, the 

axillary bud is modified into a thorn. In Carissa, the terminal bud is modified 

into a pair of thorns. The thorn sometimes bears leaves, flowers, and fruits, 

as seen in Duranta and Citrus. The thorns reduce the transpiration rate and 

protect the plants from herbivore grazing. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

- 44 - 



 
 
 

Lectures in Plant Morphology : 2022/2023 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 35: stem modified into a thorn 

 

3- Modification of stem into Phylloclade: 
 

A phylloclade is a flattened stem of several internodes functioning as 

a leaf. In Opuntia, the stem is modified into a flattened green structure called 

Phylloclade. On the surface of the Phylloclade, clusters of spines are formed. 

These spines are the modified leaves of the axillary bud. These spines reduce 

the  rate  of  transpiration  and  protect  the  plant  from  herbivores.  The 

Phylloclade has distinct nodes and internodes. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 36: phylloclades 
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4- Modification of stem into Cladode: 
 

Phylloclade with one or two internodes is called Cladode, e.g., Asparagus. In 

Asparagus, cladodes are needle-like, slightly flattened green structures that 

appear in a cluster in the axil of a scaly leaf. The main stem bears leaf 

spines at its nodes. A scale leaf is found just above the spine. Every branch 

on the main stem bears only scale leaves. In the axil of scale, clusters of 

cladodes appear, e.g.,  Ruscus. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 37: Cladode 
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Chapter 5: LEAF MORPHOLOGY 
 
 
 
 

The leaf is a lateral, generally flattened structure borne on the stem. A 

leaf may be defined as "A dorsoventrally compressed, lateral appendage of 

the   stem,   produced   at   the   nodes   and   is   specialized   to   perform 

photosynthesis. 
 

Characteristics of Leaf: 

 

It bears a bud in its axil. The axillary bud later develops into a branch. 

Leaves  originate  from  shoot  apical  meristems  and  are  arranged  in  an 

acropetal (outward) order. They are the most important vegetative organs 

for photosynthesis. Their main function is photosynthesis; they take carbon 

dioxide  from  the  atmosphere  and  give  off  oxygen.  Leaves  also  carry 

respiration, take in oxygen, and release carbon dioxide. Another activity of 

leaves is transpiration, the giving of water vapor. Some leave storage water 

and food material, such leaves being thick and fleshy. Some leaves are also 

specialized for many other functions. 
 

Parts of the Leaf 

 

A typical angiospermic leaf consists of three parts: leaf base, petiole, 
 

and lamina. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 38: plant leaf parts 
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1. Leaf base: 
 
 

o It attaches the leaf to the stem or branch. 
 

o In many plants, the leaf base is swollen and is termed pulvinus. 
 

o In monocotyledons, the leaf base expands into a sheath that partially 

or wholly covers the stem, while in many dicotyledonous plants, it 

bears two lateral outgrowths called the stipules. 

o Depending on the presence or absence of stipules, a leaf may be 
 

stipulate or exstipulate. 
 

Stipulate leaf: with one or more Stipules. 
 

Stipules vary in form and may be of the following types: 
 

1.   Tendrillar stipules: stipules are modified into tendrils that help 
 

plants in climbing (e.g., Smilax). 
 

2.  Spinous stipules: stipules  are  modified  into  hard  spines  which 
 

prevent the plants from being eaten by animals (e.g., Mimosa) 

 
3.   Foliaceous stipules: are large leaf-like stipules that synthesize food 

 
material (e.g., Pisum, Lathyrus). 

 
4.   Hairy stipules: these are hair-like or filamentous (e.g., Corchorus) 

 
5.   Adnate stipules: these attach themselves to the petiole for a short 

 
distance by their inner margins (e.g., Rosa). 

 
6.   Stipe stipules: these are outgrowths found at the base of the leaflets 

 
in compound leaf. These are known as stipels (e.g., Dolichos lablab) 

 
7.   Free lateral: Free lateral stipules are small and greenish outgrowths 

 
on either side of the leaf base. E.g., China rose 
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Figure 39: stipules; (1) Spinous, (2) adnate, (3) Tendrillar, (4) Foliaceous 
 

2. Petiole 
 

The petiole is a stalk-like structure that supports the blade and places it in a 

favorable position with light. There are two types of leaves according to the 

presence of petiole: 
 

Petiolate leaf with a petiole. 
 

Sessile leaf: without petiole, a blade attached directly to the stem. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 40: sessile leaves 
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Figure 41: petiolate leaves 

 
 

Leaf arrangement on a stem 

 

The arrangement of leaves on a stem is known as phyllotaxy. The number 

and placement of a plant's leaves will vary depending on the species, with 

each species exhibiting a characteristic leaf arrangement. 
 

There are three basic types of leaf arrangement: 
 

1.  Alternate leaves are arranged in an alternating pattern on the stem 
 

(one leaf at each node). 
 

2.  Opposite leaves  are  attached to the stem across  each other (two 
 

leaves at each node). 
 

3.  Whorled leaves are arranged in circles around the stem 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 42: Leaf arrangement on the stem 
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Lamina (blade) shape 

 

The form or outline of the leaf blade is constant for a particular species 

and varies for different plants. The different forms are described by various 

terms such as: 
 

1.  Acicular: needle-shaped (Pinus) 
 

2.  Tubular: hollow tube (Allium cepa) 
 

3.  Linear: elongate shape (grasses) 
 

4.  Lanceolate:  elongated,  gradually  tapering  towards  base  and  apex 

(Salix) 

5.  Ovate: oval Shape (Ficus bengalensis) 
 

6.  Cordate: heart-shaped with a point end at the apex (Ipomea) 
 

7.  Sagittate: arrow shape with the basal lobes downwards (Polygonum) 
 

8.  Spathulate: A spoon-shaped, has a rounded top and a tapering base 
 

9.  Peltate: round, and the petiole emerges from the lower surface, not 
 

from the base of the lamina (Tropaeolum). 
 

10.  Deltoid: triangular in outline, suggesting a capital delta. 
 

11.  Oblong: elongated, non-lobed leaf, long is twice as wide 
 

12.  Reniform: leaf blade is shaped like a kidney 
 

13.  Elliptical: A narrow oval is a border in the center than the ends. 
 

14.  Obovate: An egg-shaped blade, broader at the top than the base. 
 

15.  Hastate: An arrow-shaped leaf with lobes that point outward. 
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Figure 43: types of leaf blade 
 

Leaf margin 

 

The margin of a leaf or leaflet may be: 
 

1.  Entire: with no irregularities. 
 

2.  Serrate: shows a number of sharp processes directed towards the apex 
 

3.   Dentate (toothed): processes are not directed forwards. 
 

4.   Crenate: processes are round. 
 

5.   Sinuate: the margin is wavy. 
 

6.   Lobed:   the   leaf   having   deeply   indented   margins   (pinnately   or 
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palmateiy). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 44: different leaf margins 
 

Leaf apex:- 

 

Apex of a leaf or leaflet may be:- 
 

1.  Acute: pointed with margins, form an angle between 45 - 90 degrees. 
 

2.  Acuminate: sharp-pointed with straight or convex margins, form an 
 

angle less than (<) 45 degrees. 
 

3.  Caudate: attenuate with a slender tail-like appendage at the tip. 
 

4.  Obtuse: blunt with margins form an angle greater than (>) 90 degrees 
 

5.  Mucronate: with a small extension of the midrib barely extending 
 

beyond the blade apex. 
 

6.  Retuse: rounded summit with a shallow depression at the apex, not 
 

exceeding 1/16 of the distance to the center of the leaf blade. 
 

7.  Emarginate: with a shallow depression at the apex, not exceeding of 
 

the distance to the center of the leaf blade. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 45: leaf apex 
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Leaf Base 

 

1.  Cuneate: a wedge-shaped base with margins that form an angle less than 
 

90 degrees, but greater than 45 degrees. 
 

2.  Obtuse (rounded): a blunt base with margins that form an angle greater 
 

than (>) 90 degrees. 
 

3.  Truncate: a broad straight base, abruptly ending at right angles to the 
 

mid-vein. 
 

4.  Cordate: an asymmetrical base with unequal size lobes, attached to the 
 

mid-vein at different levels. 
 

5.  Oblique:  a  base  with  prominent,  rounded  lobes,  cut  to  1/4  of  the 
 

distance to the center of the leaf blade. 
 

6.  Auriculate: a base with small rounded (ear-like) lobes. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 46: leaf bases 
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Venation 

 

The venation is the system of veins that extends from the petiole to all 

parts of the blade. The veins are extensions of the vascular system of the 

stem. They serve to transport water and dissolved substances that pass into 

and out of the leaf. Leaves display two types of venation: 
 

1 - Reticulate (net) venation: 
 

The veins form an easily recognizable network. Larger veins give rise 

to smaller branches that finally end freely in the green tissue-There are two 

types: pinnate (Duranta) and palmate (Vitis). Net-veined leaves are found 

principally among the dicotyledons. 
 

2- Parallel venation: 
 

The veins run parallel to one another. Veins are approximate of the 

same  size  and  do  not  form  a  network.  They  occur  chiefly  among  the 

monocotyledons, and there are two types of parallel venation: 

 
 
 
 
 
 
 
 
 
 
 

 
Figure 47: leaf venation 

 

a. Longitudinal venation: Veins generally run from the base through the 
 

blade to the apex (wheat, Zea mays). 
 

b. Transverse venation: Veins run from a central strand of veins to the 
 

blade margin (canna, banana) 
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Simple and Compound Leaves 

 

1- Simple Leaf: lamina (leaf blade) is not split into distinct leaflets. It may 
 

be entire as in Mango or lobed as in Cotton. 
 

2- Compound leaf: lamina is split into a number of separate parts called 

leaflets. Leaflets resemble, in many respects, simple leaves. An axillary bud 

is present in the axil of a simple or a compound leaf, but it does not occur 

in the axil of the leaflet of a compound leaf. 
 

There are two types of compound leaves, namely, pinnate and palmate 

the leaflets in pinnately compound leaves arise from either side of an axis 

called the rachis. Each leaflet is known as a pinna. If the pinnae are divided, 

the secondary divisions are known as pinnules, and the leaf is known as the 

bipinnate leaf. 
 

When the pinnate leaf terminates with a single leaflet, it is called an 

imparipinnate (odd-pinnate) leaf. A Paripinnate (even pinnate) leaf is a 

pinnate leaf with pair of terminal leaflets. 
 

The leaflets in palmately compound leaves originate at the tip of the petiole 

and lack the rachis. When two leaflets arise from the tip of the petiole, it is 

called bifoliate. Trifoliate leaves have leaflets arranged in threes. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 48: compound leaves 
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The compound leaf often is mistaken for stem-bearing leaves. The following 

points help in differentiation: 
 

The compound Leaf has no apical bud. 
 

It has a bud in its axil and does not arise in the axil of a leaf 
 

Leaflets have no axillary buds. 
 
 

 

Leaf modifications 

 

Leaves performing special functions are usually modified structurally, 
 

as in roots and stems. Some of these unusual types of leaves are. 
 

a. Scales 
 

These undeveloped leaves that arise at the stem tip, like ordinary 

leaves, remain small. They have little or no green tissue. The scales enclosing 

winter buds are protective, while those of bulbs store food. 
 

b- Tendrils: 
 

Leaf tendrils are found in many climbing plants. The modification to 

tendril for climbing involves either the whole leaf or only part of it, or the 

stipules. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 49: Leaf modified into tendrils 
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c- Leaf Spines: 
 

These may represent leaves or parts of leaves. The whole leaf may be 

modified  into  spiny  structure  as  in  Berberis.  In  Acacia  the  stipules  are 

modified into spines. 
 

d- Storage Leaves: 
 

Storage of food in scales of bulbs makes them fleshy. In succulent 

plants water storage in leaves may occur as in the desert plant Zygophyllum 

coccineum.  It has compound  stipulates leaves  each composed  of petiole 

carrying two leaflets forming (Y) shaped structure. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 50: water storage in (Zygophyllum coccineum) leaves 

 

e- Insectivorous Plants 
 

In these plants, the leaves develop into a pitcher-like structure or some traps 

with certain peculiarities to adapt them for trapping and digesting insects, 

as in Nepenthes, Drosera, Dionea, and Utricularia. 

 

https://www.youtube.com/watch?v=4yvUjwt2-jI 

https://www.youtube.com/watch?v=Hzk1bM2vVFU 
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Figure 51: Insectivorous plants; Dionea, Utricularia, Drosera, and Nepenthes 
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PLANT CELL CONTENTS 

The cell is the unit of the structure of the organism. The 

plant comprises distinct organs such as roots, stem, etc. 

these organs are composed of various tissues. Each tissue is 

composed of units known as cells. 

The cell is the site of physiological processes. The cell is 

the bearer of hereditary material from one generation to 

another. The cell wall is the characteristic part of the plant 

cell. 

Plant cells are microscopic and cannot be seen with the 

naked eye. Plant cell generally ranges from 10-100 u. in 

flax and cotton, and the fiber cells may reach a length up to 

5.0 cm Plant cells are greatly varied in shape. 

Plant cells consist of living substances (protoplasm) 

enclosed by a non-living cell wall and other substances. 

The Plant cell is composed of: - 

1- Cell wall (non-living) 

2- Protoplast (living portion): - 

- Cytoplasm and cytoplasmic membranes. 

- Nucleus: nuclear membrane - nuclear sap – chromatin 

reticulum - nucleolus 
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- Cytoplasmic organelles: - Plastids - Mitochondria – Golgi 

apparatus - Microsomes - Lysosomes 

 

 

3- Non-protoplasmic contents: - 

- Vacuoles and cell sap. 

- Starch grains -Proteins - Fats and oils - Crystals -Tannins 

and pigments - Organic substances 

1- Cell wall 
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The cell wall is rigid, non-living, and not changed in shape. 

Only present in plant cells (distinctive between plant and 

animal cells), is composed of: 

** The middle lamella: - 

It arises at the end of cell division during mitosis, called 

telophase. Droplet-like particles form a plate (cell plate) at 

the equatorial plate. The cell plate gradually incorporates 

pectic materials to form the middle lamella, which 

separates the protoplast of the two new daughter cells. 

** Primary cell wall: - 

It is composed of cellulose, hemicellulose, and pectic 

substances. It comprises three layers (middle lamella layer - 

two layers of 1 by cell wall). 

** Secondary cell wall: - 

In several types of cells, an additional wall (secondary cell 

wall) composed of cellulose, lignin, suberin, and cutin is 

deposited on the primary cell wall. 

Suberin and cutin are impervious to Water, thus present in 

cells exposed to the outside atmosphere. They are used to 

prevent water loss and protect cells from attaching 

microorganisms. Cellulose and lignin are not preventing the 

passage of Water. 
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The addition of new particles to the cell wall occurs by 

two methods: - 

1- Apposition: new particles are deposited on the surface of 

the earlier formed wall. 

2- Intussusception: new particles are added among those 

materials already present. The protoplasm of the adjacent 

cells is connected with protoplasmic threads 

(plasmodesmata). These threads pass from one cell to 

adjacent cells through pores known as pits. 

Pits 

It arises during the thickening of the 1ry cell wall. Tiny, 

sharp pores or cavities are left thin without thickening. The 

interchange between cells occurs through these pits. 

It is composed of pit membrane, pit cavity and pit aperture. 

The two opposite pits are called pit pairs. The pit pair has 

two cavities, two apertures and one pit membrane. There 

are several types of pits according to their shape: - 

a- Simple pits: - the cavity remains of the same diameter at 

different depths. It is characteristic of parenchyma cells. 

b- Branched pits: - the cavity branches in the very thick 

wall. It is found in stone cells of apples and pears. 
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C- Bordered pits: - the cell wall around the pit cavity form 

a roof known as the Border. The diameter of the pit 

aperture is smaller than the pit cavity. The central part of 

the pit membrane is thickened, forming the torus. 

Torus functions as a closing part, which closes the aperture 

when the hydrostatic pressure in one cell exceeds that of 

the neighboring cell.  

Found in tracheids and vessels. 

d- Half bordered pits: - present when a simple pit is 

opposite to bordered pit. It is found when a parenchyma 

cell is adjacent to conducting elements (vessels or 

tracheids). 

E_ Blind pits: - it is present when a simple pit is opposite to 

intercellular space between cells. 

2- Protoplast 

It is not chemically uniform, highly organized into 

organelles and substructures. The more significant part is 

organic compounds and accompanying inorganic 

substances- It contains proteins, lipids, carbohydrates, fats, 

electrical salts, enzymes and energy carriers (ATP). 

The protoplast is composed of several well-

differentiated structures: - 
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• Viscous transparent fluid portion. 

• System of membranes (endoplasmic reticulum) 

• Variety of minute living bodies embedded in the 

cytoplasm known as cytoplasmic organelles (plastids, 

mitochondria, Golgi apparatus, Lysosomes and 

Microsomes). 

• Ellipsoid body has a complex internal structure known 

as a nucleus. 

Cytoplasm 

It is a viscous, transparent fluid. It consists of two parts, the 

matrix and ground substance. The matrix is mainly 

composed of water solution, which contains ions, particles 

and other organelles. 

** The plasma membrane: - 

The cytoplasm is surrounded by a thin membrane known as 

ectoblast. In-plant cells, it is usually lying under the cell 

wall. A similar plasma membrane separates the protoplast 

from the vacuole, is known as the endoplast. 

The total thickness of ectoplast is 75 - 100 A. it can only be 

shown by electron microscope. It can be seen under a light 

microscope using plasmolysis properties. 
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The plasma membrane comprises two layers of proteins 

(from outside) sandwiching a double layer of lipid 

molecules (inside). 

It appears under an electron microscope as a double dense 

layer (protein) separated by a less dense layer (lipids). It 

may interrupt fine pores 8 - 50 A in diameter, responsible 

for permeability properties. 

Phospholipids are polar molecules (two ends of the 

molecules have different properties). One end is 

hydrophobic (tends to be insoluble in water); the other is 

hydrophilic (has a great affinity for Water). 

The plasma membranes play a function in selective 

permeability. The plasma membranes are connected with a 

network system composed of continuous channels known 

as the endoplasmic reticulum. 

Endoplasmic reticulum 

It consists of a group of continuous channels, branches 

inside the cytoplasm to form a net like structure. In cross 

section it appears rounded, oval or as small tubes. The 

continuous channels connect the nuclear membrane with 

the plasma membranes. 

The endoplasmic reticulum is similar to plasma membranes 

in structure. There are 2 types of endoplasmic reticulum: - 
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** Granular (rough) ER: - 

It is rough due to presence of ribosomes. It present in the 

inner part of cytoplasm of meristematic cells. 

** A granular (smooth) ER: -  

It is lakes the ribosomes. It present in the outer part of the 

cytoplasm in parenchyma cells. 

The endoplasmic reticulum Functions in: - 

• Ray important role in cell division. 

• Transport protein and enzymes all over the cytoplasm, 

and may storage these substances. 

• The rough type specialized in production of proteins and 

enzymes. 

• The smooth type specialized in production of lipids and 

glycogen. 

• Increase the surface of enzymatic reactions. 

Ribosomes 

Ribosomes are the components of cells that make proteins 

from all amino acids. They are made from complexes of 

RNAs and proteins. 
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They are divided into two subunits, one larger than the 

other. The smaller subunit binds to the mRNA, while the 

larger subunit binds to the tRNA and the amino acids 

Plastids 

They are small cytoplasmic organelles, present in the 

cytoplasm and characterized to plant cell. They are 

differing in shape, size and colors according to its activity 

and function. There are three types of plastids according to 

its colors: - 

a- Chloroplast: - 

It is the most important type of plastids for their role in 

forming carbohydrates through photosynthesis. The 

chloroplast contains two types of chlorophylls; chlorophyll 

a (bluish green) and chlorophyll b (yellowish green). 

Garotein (yellow, orange or red) and xanthophylls (yellow 

color) are also present. 
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The function of carotein and xanthophylls is not fully 

known, but it was suggested that they protect the 

chlorophyll from destruction by sunlight. Carotenoids are 

also important to animals since they are converted in their 

bodies to Vitamin A. 

In microorganisms, highly divergent forms are seen. In 

Chlamydomonas, only one cup-shaped chloroplast is 

present. Spirogyra posses a ribbon like spiral shape 

chloroplast. 

In some algae there are often special areas referred as 

pyrenoids, which act as centers for the formation of starch. 

Ultra structure of chloroplast: - 

The chloroplast is bounded by a double outer membrane. 

The inner membrane is organized into flattened 

membranous sacs called thylakoids. Several of these 

thylakoids form a stack called granum. 

The space within a thylakoid is called loculus and the space 

outside the thylakoid and within the outer membrane is the 

stroma. Thylakoids that cross intergrana region form 

structures called frets. 

•The light reactions of photosynthesis processes (the 

generation of ATP - NADPH2 and 02) are, carried out in 

the thylakoids. 
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The dark reactions (reduction of CO2) are carried out in the 

stroma. 

b- Chromoplasts: - 

It is varying in color (orange yellow, or red), this color is 

due to the presence of carotenes and xanthophylls and the 

absence of chlorophylls. It occurs in different plant organs 

such as yellow petals of sunflower, roots of carrot, and ripe 

fruits of sweet pepper and tomato. 

The shape various from spherical, angular, lobed or rode 

like. The irregular and sharp pointed shapes are due to the 

presence of carotenes pigment in crystalline form. 

They are developed either directly from the colorless 

proplastids such that occur where the green flower buds 

become transformed into yellow or red flowers. Also arise 

from chioroplasis which lose their chlorophylls (by 

destruction); such that occur during the ripening of some 

fruits as tomato, banana, or sweet pepper. 

The color is due to the appearance of other pigments 

(carotenes and xanthophylls). The function of the 

chromoplasts is not known. 

c- Leucoplasts: - 
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They are colorless and closely related to chloroplasts, not 

contain any pigments. It is characterized by high ability to 

enlarge and elasticity thus changes of shape. 

It is common in the subterranean parts such as roots of 

potato, storage organs such as tubers and in tissues not 

exposed to light such as the endosperm and some 

cotyledons. 

They are concerned with storage of starch, fats and oils. 

Amyloplasts, associated with the storage of starch in them. 

Starch of amyloplasts is known as reserve starch (bigger, 

small numbered and persistent). They are differing than 

whose present in chloroplasts (very small, numerous and 

translated to sugar in the dark). 

Leucoplasts, associated with the storage of fats and oils, are 

known as elajoplasts. 

Mitochondria (singular = mitochondrion) 

It is also called chondriosomes. It appears in different 

forms and numbers in different tissues, in some cells they 

are almost globoid, while the most general are elongated 

and filamentous. 

The typical mitochondria are approximately 0.2 - 1.0 um in 

diameter and 1.0 - 4.0 um in length. They show selective 
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staining with Janus green B and are largely enough, thus 

can be clearly seen with the light microscope. 
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Ultrastructure of mitochondria: - 

The mitochondrion contains two different membranes, 

outer and inner (cytoplasmic membrane). The inner 

membrane forms a serious of infolds penetrate the interior 

of the organelle. 

The infolds of the inner membrane are termed cristae. It 

provides the mitochondria with a great increase in 

membrane surface where the reaction can occur. 

The central space is termed as the matrix which is rather 

gel-like. 

 

Function of mitochondria: - 

The primary function of mitochondria is to provide 

chemical energy in the form of ATP for use by the cell in 

virtually all of its energy-requiring activities. 
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Golgi apparatus (dictyosomes) 

It is present in both plant and animal cells. Its shape and 

size may be different in different cells. It appears under the 

light microscope to form a cluster of droplets, as a thin 

platelike structure or a mixture of theses structures. 

It may be connected with the endoplasmic reticulum It 

appears to be consisted of three parts: - 

a. A system of flattened sacs (or cisternae), which appear as 

roughly parallel membranes. 

b. Number of vesicles found lining near the cisternae and 

apparently separated from the lateral edges of the sacs. 

c. Large vacuoles surrounded by double.membranes. The 

dictyosomes perform a number of important functions- 

- Secretion of proteins, polysaccharides and pectic material 

- Collection and accumulation certain substances such as 

lipids, proteins and enzymes. 

A dense and conspicuous protoplasmic structure, it is 

spherical or ovoid body. It is averaging about 15 µ in 

diameter. It is the carrier of information in the cell. It was 

found to be present in all cells. 
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Each typical protoplast has a single nucleus. In some fungi 

and algae, the cell contains many nuclei (coenocytic or 

multinucleate). 

In blue green algae and bacteria, the protoplast lacks a 

definite nucleus, although they have a chromatin material 

that may serve as a primitive nucleus (procaryotic). 

The nucleus is consists of nuclear membrane, nuclear sap, 

chromatin reticulum and nucleolus. 

** The nuclear membrane: - 

It also called "nuclear envelope". It is a double membrane 

sheath that defines the outer limits of the nucleus. It 

surrounds the nucleus during its resting stage. It disappears 

at the time of nuclear division. 

** The nuclear sap:- 

The nucleus is filled with a gel-like mass known as nuclear 

matrix through which the chromatin reticulum extends. The 

major chemical component of the internal matrix is protein. 

** Chromatin structure:- 

It is a combination of DNA, RNA-and proteins. During 

division it is resolved into a characteristic number of 

chromosomes. The functions of chromatin are:- 

• Package DNA into a smaller volume. 
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** The nucleolus: - 

A non-membrane bound structure. It composed of proteins 

and nucleic acids. Ribosomal RNA (rRNA) are transcribed 

and assembled within the nucleolus. 

The eukaryotic nucleus possesses one large or two smaller 

nucleoli. They normally disappear during prophase; 

reappear at the end of telophase. 

Nucleic acid and genes 

The chromosomes are known to carry the hereditary 

material known as "genes". The genes transmitted form one 

generation to another, are now considered to be nucleic 

acids. 

(DNA) makes up the essential part of the genes. DNA 

controls the production of another kind of nucleic acid 

known as (RNA). RNA plays an essential role in the 

synthesis of proteins. 

DNA molecules are long double helices built up from 

smaller units known as nucleotides. 

Each nucleotide is made, up from: 

• A molecule of deoxyribose. 

• A molecule of phosphoric acid. 
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• A moiecule of one of four organic bases (adenine, 

guanine) 

The four kinds of nucleotides differ only in their organic 

bases. The phosphoric acid of one nucleotide is linked to 

the deoxyribose of the next resulting in a long chain of 

alternating deoxyribose and phosphoric acid residues. The 

organic bases are attached to the deoxyribose molecules. • 

Each DNA molecule is composed of two chains would 

around one another and joined through their organic bases. 

Theymine can link only to adenine, Guanine only to 

cytosine. The bases can be arranged along the molecules in 

any sequence, they can provide a "coding system" that 

carries genetic information. 

DNA is found principally in the cell nucleus and not 

generally in the cytoplasm. RNA is found both in the 

nucleus and in the cytoplasm of cells. 

There are different types of RNA, of which:- 

Messenger RNA (m-RNA) 

A single helix strand composed of a relatively long chain of 

nucleotides arranged in the same manner as the DNA 

nucleotides. 
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It considered as the code carrier and acts in the building up 

of protein molecules at the surface of ribosomes. 

Transfer RNA (t-RNA) 

It consists of a shorter chain (few nucleotides). It is the 

carrier of the amino acids. It is a single strand but looped 

on itself. 

It can be recognized by having two ends, a free end and 

another looped end. The free end usually attaches to the 

amino acid, while loop end contains three free nitrogenous 

bases. The loop end represents the point at which it is 

attached to the m-RNA on the ribosome surface. 

Ribosomal RNA (r-RNA) 

It constitutes the major component of the ribosome. The 

ribosomal RNA stabilizes the interaction of m.RNA and 

t.RNA, thus holding them in fixed position. 
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3- Non Living Contents 

The vacuole 

It present in mature cells, filled with cell sap. It surrounded 

by a membrane (endoplast). The cell sap is an aqueous 

solution of various inorganic and organic compounds. 

The inorganic compounds include nitrates, sulphates, 

phosphates and several others. Organic compounds include 

carbohydrates, proteins, fats and other organic compounds. 

 

Development of the vacuole can be studied in the dividing 

cells of root or tip stem. The meristematic cells do not 

contain large vacuoles but only small minute droplets.  

As the meristematic cell enlarges and matures, the small 

vacuoles enlarge, and adjacent vacuoles fuse forming larger 

vacuoles. 
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Finally a single large vacuole is formed which occupies 

most of the cell 

Carbohydrates 

A number of sugars are known to occur in the cell sap of 

various plants. Glucose, fructose and Sucrose are the most 

dominant saccharides present in the cell sap. 

Among the soluble polysaccharides present in the cell sap 

is inulin which gives fructose by hydrolysis. inulin occurs 

in the cell sap of Dahlia tubers. 

Starch is the most important form of carbohydrates that 

stored in higher green plants. It is not found in the vacuole 

or the cytoplasm. It is produced only in plastids and 

deposited as grains.  

In leucoplasts, successive layers of starch are laid down 

around a center called the "hilum" the starch grain is fully 

developed, the leucoplast persjsts as a thin wall around the 

grain, and in some cases several grains are formed within a 

leucoplast. 

Starch grains differ in shape from various plant species. It 

is possible to identify the species by microscopic 

examination. The starch grain may be simple compound or 

semi-compound. 
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Hilum may be central or eccentric or lobed. 

Wheat grains have simple central type. 

• Potato starch has simple eccentric type. 

• Phaseolus and corn starch have simple type with lobed or 

radiate hilum. 

• Compound type is found in potato and rice starch. 

• The semicompound type is found in potato starch. 

Starch grains are insoluble in cold Water. When treated 

with solution of iodine in potassium iodide they stain "a 

dark blue or violet colour. 

Proteins 

Proteins may occur either dissolved in the cell sap or in the 

form of crystal-like bodies called "crystalloid". In many 

seeds, the vacuoles contain large amounts of dissolved 

proteins, and as the dries out, these proteins are 

transformed to "aleurone" grains. 

Each grain enclosed by a membrane. The larger body is 

crystalloid which consists of proteins. The other globoid 

are smaller and consist of protein combined with 

phosphates. 
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In corn and wheat seeds, definite layer of cells are filled 

with aleurone grains and is called the aleurone layer. 

Aleurone grains stain yellow or brown with iodine solution 

and could be differentiated from starch in this way. 

Oils and Fats 

It is commonly occur in the cytoplasm. It present in the 

endosperm and cotyledons of certain seeds such as peanut 

 and cotton seeds (خروع) ,castor beards ,(الفول السوداني)

 It could be detected by staining the cell with (Sudan .(القطن)

III) where they stain with brown colour. 

Organic Acids 

The cell sap of plant cells is often acidic for the presence of 

free organic acids or their acid salts. Malic and tartaric 

acids are of common occurrence in the cell sap of plant 

cells. 
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 Oxalic acid also occurs generally, but it is usually present 

in the form of its insoluble calcium salt as crystals. 

Calcium oxalate Crystals  

It dissolve in mineral acids and occur in plant cells in 

different forms: - 

o Solitary: square prisms, pyramidal shapes, rhombohedral 

and others. 

0 Raphides: needle-shaped crystals assocjated together in 

bundles. It occurs commonly in monocots, 

Druses: rosette-shaped crystals, spheroid groups of 

tetragonal crystals. It present in Carica papaya and 

Begnonia. 

 

Calcium carbonate crystals 

The best known form the ''cystolith". It consists of a 

cellulosic stalk,which is an in-growth of the cell wall into 

the cavity of epidermal cells of Ficus leaf. 
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Protrusion calcium carbonate is deposited forming a 

cluster-like structure which fills most of the cell cavity. It 

dissolves in dilute mineral acids; it also dissolves in dilute 

acetic acid. 

 

Anthocyanins 

Most of the yellow, orange and some of the red colours of 

plants are due to plastid pigments. Blue, violet or purple 

and most of the dark red colours are due to pigments 

dissolved in the cell sap of the vacuole. 

These pigments are the anthocyanins which are complex 

compounds composed of a pigment and a sugar. These 

pigments are soluble in Water thus they diffuse out of the 

cell jf the cell membrane is destroyed by heating or any 

other mean. 

These pigments are responsible for the colour of the purple 

turnip, red beet roots, blue and red colour of grape fruits, 

red of cherries and the purple, blue violet, pink and red 
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colours of petals of many flowers. The colour of the 

anthocyanin changes with pH of the medium. 

Glucosides 

It occurs commonly in the cell sap. It is composed of 

glucose + aromatic compounds, (e.g., amygdalin occurs in 

bitter almond cells). 

Amygdalin decomposes by the enzyme "emulsin" to give 

glucose, benzaldehyde and hydrocyanic acid. The 

characteristic odor and taste of bitter almond is due to the 

presence of benzaldehyde.  

Mucilaginous compounds 

It occurs in the cell sap. It gives if a slimy character. It is 

common in many bulbs, e.g. onion, and leaves of many 

succulent plants. It swells in Water but are insoluble" in 

alcohol. They are polysaccharides, when hydrolyzed they 

yield sugars. 
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Tannins 

It present in the cell sap and cell wall. It is a complex 

compounds soluble in Water and alcohol. It could be 

identified by. treating the cells with ferric chloride where 

they give blue-black or green colour. It found in the leaves 

of tea, oaks and many conifers. 

Alkaloids 

Complex cyclic compounds containing, nitrogen occur, in 

members of Solanceae, Papaveraceae, leguminosae and 

Apocy naceae. It may represent by-products of the nitrogen 

metabolism in plants. 

Their role in the plant is not known. (e.g., nicotine in 

tobacco; morphine in poppy fruits; strychnine in, Strychons 

nuxvomica' atropine in Atropa belladonna; colchicine in 

Colchicum autumnale; caffeine in tea; theobromine in 

cocoa bean). 

PLANT TISSUES 

Plant tissues   are   classified   according   to   stage of 

development into:  

1- Meristematic tissues: growth is taking place. 

2- Permanent tissues: growth ceased at least temporarily. 

MERISTEMATIC TISSUES 
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Meristem is used to describe regions of continuous cell 

formation. Embryonic describes meristematic tissue of the 

embryo. They are characterized by: 

1- Actively dividing. 

2- Abundant cytoplasm 

3- Large nucleus.  

4- No ergastic substances 

5- Thin primary wall of cellulose. 

6- Small or lacking vacuoles. 

7- No intercellular spaces. 

The meristematic tissues are classified according to stage of 

development and their origin into three types:- 

a. Promeristem: - 

They are young meristematic cells similar in shape, size 

and diameter. Ex.:- extreme tip of roots and stems and 

embryos. 

b. Primary meristem: 

It is formed from the promeristem when change in size, 

shape, wall and cytoplasm characteristics and become 

differentiated. When divide give rise to primary permanent 

tissues. 



 

31 
 

Example: root and stem apices. 

Primary meristem can be differentiated according to their 

function into:- 

o. Protoderm: - external layer, when differentiate   gives   

rise   to the epidermis. 

o. Ground   meristem:   gives cortex, pericycle, medullary 

ray and pith 

o. Procambial strands: - give raise the vascular tissue. 

o. Calyptrogen: present in roots, gives rise to root cap. 

c. Secondary meristem: 

Originate from permanent tissues returned meristematic. 

When divide give rise to 2ry permanent tissues. Ex.: cork 

cambium, root cambium and interfascicular cambium of 

stem. 

The vesicular cambium of the stem does not fall in any of 

the two groups. It arises from promeristem but 

differentiates to give 2ry vascular tissue. 

PERMANENT TISSUES 

Permanent is used to describe tissues that do not have the 

ability to divide. These cells are already differentiated in 

different tissue types and are now specialized to perform 

specific functions. 
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The permanent tissues can be classified according to kind 

of constituent cells to:  

1- Simple tissues: composed of a single type of cells 

(parenchyma, collenchyma and sclerenchyma). 

2- Complex tissues: composed of several kinds of cells 

(xylem and phloem) 

3- Tissue system: Certain cells dispersed among other 

tissues (secretory tissue system). 

I. Dermal tissues 

The plant epidermis is a multifunctional tissue playing 

important roles in water relations, defense and pollinator 

attraction. This range of functions is performed by a 

number of different types of specialized cells which 

differentiate from the early undifferentiated epidermis in 

adaptively significant patterns and frequencies. 

The epidermal tissue includes several differentiated cell 

types: basic epidermal cells, guard cells, subsidiary cells, 

and epidermal hairs (trichomes). 
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a. Basic epidermis: 

The epidermis is the outermost cell layer of the primary 

plant body; it is the dermal tissue system of leaves, stems, 

roots, flowers, fruits, and seeds. 

The shape of the cells, the thickness of the walls as well as 

the distribution and number of specialized cells (guard cells 

and trichomes) per area may all vary. 

The epidermal cell has a large central vacuole and thin 

peripheral cytoplasm. The plastids are generally absent; 

some ferns and several aquatic or shade plants are 

exceptions. 

Most plants have a single cell layer and covered with a thin 

layer of cuticle (simple epidermis). Other plants like Ficus 

elastica have an epidermis with several cell layers of the 

leaves (multiple epidermis). Its epidermal cells are tightly 

linked to each other and provide mechanical strength and 

protection to the plant. 

The wall of epidermal cells is often containing thick cutin 

than the other walls. This can be particularly well observed 

with the epidermis of conifer needles and that of 

xerophytes (plants living in dry habitats). 
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The cutin reduces water loss to the atmosphere; it is 

sometimes covered with wax. Thick wax layers give some 

plants a whitish or bluish surface color. Surface wax acts as 

a moisture barrier and protects the plant from intense 

sunlight and wind. Aquatic plants have usually thin walls. 

The epidermal cells seem either polygonal or elongated in 

surface view. Their walls are often wavy or sinuate. 

Elongated epidermis cells can be found in leaves of 

monocots. 

In some cases, like that of the tomato fruit, the cuticle is 

pigmented with carotinoids. Often, additional waxes oils, 

resins, salt crystals and (hydrophilic) mucilage are 

excreted. The latter is especially common in developing 

seeds. 
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b.   Stomata: 

The word stoma means mouth (in Greek) because they 

allow communication between the internal and external 

environments of the plant. Stomata are found on all above-

ground parts of plants, including the leaves, petioles, soft 

herbaceous stems and petals of flowers. 

A stoma is a pore, found in epidermis that is used for 

gaseous exchange between the intercellular space of 

subepidermal cells and atmosphere. 

The pore is bordered by a pair of specialized [parenchyma] 

cells known as guard cells that are responsible for 

regulating the size of the opening. 

They are dispersed among the epidermal cells, upper or 

lower side. Guard cells and stomatal opening are called 

"stomatal apparatus". 

Guard cells contain chloroplasts. They generally have 

kidney shape; some monocots plants (Graminae and 

Cyperaceae) have dumb-bell shape. The opening and 

closing of stomata are due to the change in turgidity within 

guard cells. 

Types of stomata:- 

There are two types:- 
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a. Kidney shaped stomata:- 

The guard cells are kidney shaped. It found in all seed 

plants except two families (Graminae and Cyperaceae). 
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b Dumb-bell shaped stomata:- 

They are narrow in the middle and enlarged at both ends. 

The central part has a very thick wall, whereas bulbous 

ends have thinner walls. It present in Graminae and 

Cyperaceae. 

*** In xerophytic plants, the stomata are depressed below 

the genera! leaf surface to help in reducing water loss from 

the plant in dry habitats, they are known as sunken stomata. 

In, some plants the stomata may cover with hairs, so they 

are called as sunken stomata with hairs. 

Mechanism of stomatal movement: - 

Stomata are open when guard cells are turgid and closed 

when turgidity of the guard cells is low. The turgidity of 

the guard cells increase when Water moves from the 

surrounding cells to it due to the increase of their osmotic 

pressure. 

When the turgidity increases, the thin outer walls are 

stretched more than the inner thick wails. The outer wails 

push into the surrounding epidermal cells, pulling up the 

thick inner walls, thus the stomatal pore increases in size 

and opens 

The turgidity of the guard cells increase in light and 

decrease in the dark. 
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Mechanism of stomatal opening can be summarized as: 

- 

❖ In light, the photosynthesis takes place in the guard cells 

(contain chloroplasts), thus soluble sugars accumulate in 

the guard cells increasing the osmotic pressure of these 

• cells. 

❖ The acidity of guard cells is reducing due the decrease of 

carbonic acid and carbon dioxide. 

❖ In low acidity the starch transfer into soluble sugar by 

catalyze enzyme in the guard cells, thus the osmotic 

pressure increase. 

❖ Water moves from surrounding epidermal cells to the 

guard cells, increasing their turger pressure, thus causing 

stomatal opening. 

Mechanism of stomatal closing can be summarized as: - 

o In darkness, the photosynthesis not occurs in the guard 

cells. 

o The acidity of guard cells is increase due the increase of 

carbonic acid and carbon dioxide. 
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o In high acidity the sugar transfer into starch by catalyze 

enzyme in the guard cells, thus the osmotic pressure 

decrease. 

o Water moves from the guard cells to the surrounding 

epidermal cells, decreasing the turger pressure of the guard 

cells, thus causing stomata to close. 

Distribution of stomata:- 

Stomata are present in all aerial plant organs especially 

leaf. They absent in roots and organs submerged in Water. 

In woody plants, it's present on the lower side of leaves. In 

herbaceous plants, it's present on lower and upper side of 

leaves. In aquatic plants, stomata are present on the upper 

side of leaves. 

The number of stomata are various considerably according 

to the type of species, location of the leaf and due to the 

environmental conditions. 
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c. Hairs and Trichomes: - 

The distinguishing between hairs and trichomes can be 

difficult. Trichomes are usually connected to the vascular 

system, whereas hairs lack a vascular connection. 

Plants may appear to have hairs, but the technical term for 

plant hairs is trichomes. Unlike animal hair, trichomes are 

often living cells. 

Trichomes are epidermal outgrowths of various kinds give 

the plant silky, woolly or velvety appearance. The terms 

emergences or prickles refer to outgrowths that involve 

more than the epidermis. 

Plant hairs may be unicellular or multicellular, branched or 

unbranched. Multicellular hairs may have one or several 

layers of cells. Branched hairs can be tree-like or tufted. 

Any of the various types of hairs may be glandular. 

Types of hairs and trichomes:- 

❖ Unicellular hair: - it is a thick-walled and sharply 

pointed hair, make the surface rough. The longer, straight, 

stiff ones usually termed bristles. 

❖ Multi-cellular hair: - it consists of a row of two or more 

cells (uniseriate or multiseriate). 
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❖ Glandular hair: - it is with a definite pedicel and a 

rounded or flattened head. 

❖ Peltate hair: - it consists of a plate of cells radiating from 

the center. 

❖ Stellate hair: - it consists of several unicellular hairs arise 

from basal cell. 

❖ Papillae: - they are cone-shaped outward extensions of 

the epidermal cells. They found on flower petals giving it 

velvety appearance. 

❖ Root hair: - it is a long extension of the epidermis to 

increase the absorbing surface. It present at short distance 

behind the root growing-points. The wall remain thin and 

the cell living and vacuolated. 

❖ Stinging hair: - it consists of an elongated, tapering hair 

and broader, rounded base. - When a hair is touched, 

siliceous point breaks and the hair contents are forced into 

the skin. The hair contains histamine and acetylcholine, (e. 

g. Urtica species function in protection). 
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❖ Emergencies: - they are stronger outgrowths, not from 

epidermis only. They differ from hairs in containing a core 

of cortex and vascular tissue (e. g. rose spines and grass 

ligules). 

 

II. Ground Tissues 

The ground tissue is makes up the majority of the inner part 

of a plant. The ground tissue system synthesizes organic 

compounds, supports the plant and provides storage for the 

plant 

It is mostly made up of parenchyma cells but can also 

include some collenchyma and sclerenchyma cells as well. 

Ground tissue in leaves is packed with chloroplasts, which 
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is where the photosynthesis process makes nutrients for the 

plant. 

It arises as a result of differentiation and elongation of 

ground meristem. It lost their ability to divide temporary. 

The cell differentiation involved change of shape, 

secondary thickening (lignin and subrin), formation of 

plastids, and death of protoplasm and arising of cell 

vacuole. 

a. Parenchyma tissue: - 

It is the main constituent of the ground tissue in plant 

organs. It present in all plant organs (cortex, pith, xylem 

and phloem). It is the least specialized permanent tissue in 

plant body. They can be returned meristematic (potentially 

meristematic). 

It is a simple tissue, composed of one type of cells. Its cell 

wall is composed of cellulose, hemicellulose and pectic 

compounds. Sometimes lignin is added (e.g. lignified 

parenchyma). 

Cell wall mostly possesses simple pits, which permit the 

interchange between the neighboring cells. Intercellular 

spaces are present, when is large the parenchyma known as 

"aerenchyma". Some parenchyma has abundant chloroplast 

"chlorenchyma". 
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Lower plants are building up of parenchyma (primitive 

tissue). It is function in food storage, aeration, support and 

photosynthesis. 

Phylogenetically, considered as a primitive tissue for: i. 

Being potentially meristematic. ii. Other cells originate 

from it (by specialization), in. Not functionally specialized. 

Cell Shape: 

❖ Spongy parenchyma: - Isodiametric, oval, spherical or 

irregular. It seen in leaves, cortex of herbaceous plants. 

❖ Aerenchyma: - it is with extensive air spaces for gaseous 

exchange. It found in stems of aquatic plants. It may be 

stellate or armed (armed parenchyma), it found in petioles 

of banana and Canna. 

❖ Palisade parenchyma: - it is elongated and cylindrical 

cells, rich in chloroplasts. It found in leaves (one or two 

layers under the epidermis). 

❖ Spongy chlorenchyma: - Isodiametric cells contain 

chloroplasts. It present in cortex of herbaceous stems and 

leaf mesophyll. 
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❖ Folded Parenchyma: - it provided with flanges projecting 

into the cell to increase the wall surface for extra 

chloroplasts. Present in Pinus leaf. 

❖ Lignified parenchyma: - its walls are secondary lignified 

walls, function in support. Their shape are angular, without 

intercellular spaces and mostly Jiving. 

 

b. Collenchyma Tissue: - 

It is a simple living tissue (composed of one type of cells), 

formed from elongate meristematic cells. The tissue is 



 

45 
 

comprises of elongate cells, without intercellular spaces 

(rarely present). 

It functions mainly in support. Cell wall thickened, 

compose of cellulose pectic substances that are hyorophilic 

thus the cell walls are rich of Water. These adapted it to 

rapidly growth especially increase in length. 

Simple pits are present in the cell wall. Collenchyma may 

contain chloroplast although photosynthesis is not its 

function. Intercellular spaces occur only in lacunar type. 
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Wall thickening (shape):- 

❖ Angular: - thickening in corners (Luffa & Cucurbits). 

❖ Lamellar: - thickening on tangential walls (Helianthus). 

❖ Lacunar: - angular collenchyma with intercellular spaces 

(Lactuca). 

 

Distribution: - 

❖ In dicot stems, it present under epidermis (continuous 

layer or as strands at the ridges. 

❖ In dicot leaves, accompanying the large vascular bundle 

may be under lower epidermis. Sometimes on both sides 

and sometimes on the lower side only. 
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❖ In dicot roots and monocots, not present. 

❖ Woody stems rarely possess collenchyma. 

Adaptation of collenchyma structure to function: - 

a. Cell wall is thick adapted to supporting. 

b. Capable of extension (elastic) adapted to present in 

growing plants. 

c- Rapidly elongate cells adapted to present in herbaceous 

plants. 

d. Cell wall composed of cellulose not adapted to present in 

woody plants. 

c. Sclerenchyma 

It is a simple tissue composed of one type of cells. At 

maturity, it become non-living at (have no protoplast). The 

cell walls are uniform, hard, thickened and lignified. 

It functions in support only since they are provided with 

strong lignified walls (non-elastic). When mature it has 

thick lignified 2ry. walls. It can be classified into two 

groups, fibers and sclereids. 

(i) Fibres 
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Firbres develop from meristematic cells. Their cells are 

elongate, usually with pointed ends. At maturity, protoplast 

disappear, becomes empty and dead. 

Cell wall composed of lignin, leaving a small lumen (dell 

vacuole), which represent a small canal and may be 

blocked at certain places. Some fibers composed largely of 

cellulose. 

Walls sometimes contain simple or bordered pits; pits are 

small, rounded and functionless at maturity. 

 

Fibres occur in small groups scattered among other cells. 

They usually form strands extending longitudinally for 

some distance. They are suitable for supporting due to their 

arrangement in long masses and their overlapping.  

Fibres can be distinguished into two types, bast and wood 

fibres. Bast fibres present in cortex, pericycle and phloem 

and possess simple pits. Wood fibres present in xylem and 

possess bordered pits. 
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Distribution of fibres: - 

In dicot plants, it occurs in the vascular bundles in roots 

and stems. May be occurs also in cortex of some stems Not 

present in leaves. 

In monocot plants, it encloses each vascular bundle 

(bundle sheath) of stems. It also present under the 

epidermis (hypodermis) forming continuous layer in roots, 

stems and leaves. Phloem fibres originate in the 1ry 

phloem, but mature after become functionless. Therefore, 

they are called 1ry phloem fibres. 

Fibres that originate on the periphery of the vascular 

bundles but do not originate from the 1 ry phloem are 

referred to as pericycle fibres. 

Adaptation of fibres structure to function: - 

❖ Cell wall is composed of lignin adapted to supporting. 

❖ The cells are arranged in long masses and overlapping 

adapted to stretching. 

❖ The secondary cell wall is thickly lignified adapted to 

wood plants. 

(ii) Sclereids 
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The cells are isodiametric, bone, columnar or ovoid with 

branched pits (stone cells). They develop from parenchyma 

cells. 

It have very thick 2ry wall, strongly lignified. It present in 

groups in cortex, phloem, seeds and fruits. 

It functions in supporting and protective tissues. In seed 

coats and nut shells, it present in masses giving hardness 

and mechanical protection. 

Pits are very small, with round aperture and their cavities 

form branching canals due to union of the pits together. 

Shapes of sclereids:- 

❖ Brachysclereid (Stone cell,);- resembles parenchyma cell 

in shape (fruit of pear). 

❖ Macrosclereid (Columnar,):- elongated in shape (seed 

coats of Leguminosae). 

❖ Microscierids:- which are small and needle-like. 

❖ Osteosclereid (Bone shape):- bone like or barrel shape 

with rounded (Hakea leaves). 
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❖ Astrosclereid (Star shape):- lobed or armed or star 

shaped (Nymphea petiole). 

❖ Trichosclereid (Filiform):- occurs in leaves of some 

xerophytic plants (O/ea leaf). 

❖ Hourglass sclereid: - dumb-bell shaped cell with 

unequal 
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III. Vascular or conductive tissue system 

It is a complex conducting tissue, formed of more than one 

cell type (conducting elements, parenchyma and fibers). 

The primary components of vascular tissue are the xylem 

and phloem. These two tissues transport fluid and nutrients 

internally, also have supporting function. There is also a 

vascular cambium associated with vascular tissue. 

The cells in differentiated vascular tissue are typically long 

and slander; it is not surprising that their form should be 

similar to pipes. As the plant grows, new vascular tissue 

differentiates in the growing tips of the plant. 

Vascular tissue in plants is arranged in long strands called 

vascular bundles. These bundles include xylem and 

phloem, as well as supporting and protective cells. 

The vascular cambium divides off cells that will be become 

additional xylem and phloem. This growth increases the 

girth of the plant, rather than its length. 

a. Xylem:- 

It is a complex tissue, composed of several types of cells 

differ in shape and function. It conducts the Water and salts 

from the root system to the leaves, also has a supporting 

function. 
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In Gymnosperms xylem is composed of tracheids only. In 

Monocot plants, the xylem is composed of tracheids, 

vessels and parenchyma. In Dicots it is composed of 

vessels and parenchyma and fibers. 

Tracheids: 

They are the fundamental cells in seed plants xylem When 

mature, protoplast disappears and cell becomes non-living 

Walls are hard, relatively thick and are usually lignified, 

with bordered pits where Water passes from cell to cell 

In T. s., tracheid is typically angular. The end walls do not 

taper uniformly, but tapering is confined to one side of the 

cell only. The lumen is large and free of contents of any 

kind. Tracheids make channels for longitudinal conduction. 

In gymnosperms and most angiosperms, the bordered pits 

are chiefly rounded with borders and the torus is best 

developing. The torus is acts like a valve, the pit is open 

when the torus is in a median position and closes when it 

moves to a lateral position. 

Tracheid is adapted structurally for conduction due to their 

large lumen and the hard wall. It is adapted for supporting 

due to their thick wall, overlapping and interlocking to 

form strands. It plays the important role in support if fibres 

are absent. 
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Vessels:- 

Vessels are more advanced than tracheids. They are 

characteristic of the angiosperms. In many monocots 

vessels are absent. 

The vessel is a series of conducting cells which arranged 

end to end forming a definite tube-like system with 

perforations at the end walls providing conduction in 

straight line. Itpresent only in Angiosperms. 

The more primitive vessels have the shape of tracheids with 

relatively small lumen. In advanced vessels, the diameter of 

the lumen is large. 
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In the evolution of tracheid, the angle of tapering ends 

becomes greater until the end walls become at right angles 

to side walls 

The vessels wall is as thick as the tracheids. Pits are often 

more numerous and smaller than tracheids. 

The vessels are differing in their lignifications (2ry cell 

wall). It may be annular (ring-like) or spiral shape, they are 

adapted to elongation and characteristic of protoxylem. The 

reticulate (net-like), scalariform (ladder-like) and pitted 

forms are characteristic to metaxyiem. 

Wood parenchyma: 

They are common constituent of the xylem of most plants 

They remain alive as long as the xylem is functioning 

(unlike tracheids, vessels and fibres). 

In 2ry xylem they occur as vertical series of elongated cells 

placed end to end known as wood parenchyma, and radial 

transverse known as xylem-ray parenchyma. 

They function as a food storage tissue; store starch, oils and 

many other ergastic substances. It also has a function in 

water conduction and supporting. They may form thick 

walls and become sclereids. 

Xylem fibres or wood fibres: 
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Wood fibres are non-living cells with thick lignified walls 

They develop from tracheids by increasing the thickness of 

the walls, decreasing of lumen diameter and reducing the 

pit number and size or completely lost. 

The fiber is longer than tracheids and more cylindrical It 

acts in supporting only, (can not conduct). It has greater 

overlapping, thicker wall and lignification. 

The two tracheidal derivatives (vessels and fibres) together 

occupy, in function and position, the same place in most 

highly evolved vascular plants that the tracheids do in the 

lower vascular plants. 

Adaptation of xylem structure to Function: -The xylem 

facilitates conduction by:- 

• Conducting elements (tracheids and vessels) possess hard 

strong lignified walls. 

• Conducting elements have greeted width lumen. 

• Absence of cross walls in vessels 

• Presence of pits in tracheids. 

• Presence of parenchyma cells. 

The xylem facilitates supporting due to:- 

• Presence of wood fibers. 
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• Hardness of walls by lignification. 

b. The phloem 

It is the food conducting tissue of a vascular plant. It is a 

complex tissue (consists of sieve elements, companion 

cells, parenchyma and fibres). It can be classified 

developmentally into 1ry and 2ry phloem. The 1ry phloem 

develops from the procambium while the 2ry phloem is 

formed from the vascular cambium. 

Some gymnosperms contain sieve cells and parenchyma 

only; other gymnosperms contain sieve cells, parenchyma 

and fibres. 

Monocot plants contain sieve tubes and companion cells 

(regular phloem). Dicot plants contain sieve tubes, 

companion cells and parenchyma (irregular phloem). 

Secondary phloem is usually present in dicot plant (fibres 

or sclereides are added to the irregular phloem). 

Sieve element: 

It is the basic cell type (sieve cells-sieve tubes). They are 

resemblance in fundamental structure and function). Its end 

walls are perforated and are known as sieve plates, where 

connection between vertical cells is formed. 
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The sieve element is an elongate living cell with a thin 

cellulose wall. It has a large central vacuole and a thin 

peripheral cytoplasm. Its nucleus disappears when the cell 

is mature and its cytoplasm contains leucoplasts (store 

starch). 

The sieve cell is formed of only one cell; its sieve area is 

less specialized and not aggregated into sieve plates. The 

sieve tubes form vertical series of cells connected by the 

sieve plates. They arranged end to end to form tube-like 

structure; its sieve areas are highly specialized and 

aggregated into sieve plates (at cell ends). 

The sieve areas are wall areas with pores penetrated by 

cytoplasmic strands. It is function in connecting the 

protoplast of adjacent cells. Each connecting strand is 

surrounded by a callose which is a carbohydrate that stains 

blue with aniline blue. Callose forms first a thin layer 

around a strand. When sieve tubes get older, callose 

accumulates in the pores and loss their function. 

Companion cells 

They are special type of parenchyma cell and closely 

associated to sieve tubes in origin, position and function. It 

is characterized by its thin walls, dense cytoplasm and a 

conspicuous nucleus but do not contain starch. 
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It lives as long as the associated sieve tube element. In T.s. 

it is triangular, rounded, or rectangular. Its function is not 

clear but may be help in food conduction. 

They occur only in angiosperms and accompany the sieve 

tubes. In monocots, make up the phloem with sieve tubes 

(regular phloem). In Gymnosperms, albuminous cells are 

associated with the sieve cells (no companion cells). 

 

Phloem parenchyma: 

They range from elongate and tapering to cylindrical or 

spherical. The cells are living, with thin walls. It may 

contain crystals, tannins, mucilage, latex or other 

substances. Also, it may contain starch or oil. It present in 

dicot plants only (absent in monocots). It has a function in 

storage and conduction. 
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The are dead long cells, with hard lignified walls. They 

have function in support and protection. They may be 

septate or non-septate- may be living or nonliving. They are 

long cells with thick walls and are the commercial source 

of fibres as in Linum (flax). 

They have simple pits with round aperture. The walls may 

be composed of cellulose as in flax. They used in the 

manufacture of robes (known as bast fibres). Sclereides 

may be present in 1 ry and 2ry phloem. 

It present in 1 ry and 2ry phloem. In 1 ry phloem, they 

occur in the outer most part of it. In 2ry phloem, they are 

distributed. 

Function of phloem: 

❖ Conduction of food such as proteins and carbohydrates 

❖ Sieve elements are concerned with conduction with the 

companion cells or albminous cells. 

❖ Fibres and sclereids serve in supporting and protection 

❖ Many parenchyma cells are starch storage cells. 

Vascular bundles:- 
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The vascular bundle is consists of xylem and phloem, there 

are four types:- 
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1- Collateral bundles: - 

Phloem on one side of xylem strands, in all stems 

a. Open collateral bundles:- 

It present in dicot stems, no bundle sheath and cambium is 

present between xylem and phloem. 

b. Closed collateral bundles:- 

It present in monocot stems, bundle sheath is present. The 

cambium is absent. 

2- Bicollateral bundles:- 

Phloem occurs in both sides of xylem. It present in extreme 

dicot stems (Luffa). 

3- Concentric bundles:- 

The xylem or phloem surrounds the other. 

a. Amphiciribial (concentric xylem):- Xylem is 

surrounded by phloem. 

b. Amphivasal (concentric phloem):- Phloem is 

surrounded by xylem. 

** Radial cylinder:- 

It is best to known as cylinder. It present in dicot and 

monocot roots. Xylem and phloem are separated from each 

others and lie in different radii of the axis. 
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IV. Secretory tissue 

It is essential to isolate the result materials of cellular 

processes from the protoplasm in which they originate, or 

to be moved outside the plant body. These substances 

sometimes damage the protoplasm if left to accumulate 

within the cell. 

The secretory tissues are cells or organizations of cells 

which produce a variety of secretions. The secreted 

substance may remain deposited within the secretory cell 

itself or may be excreted, that is, released from the cell. 

Substances may be excreted to the surface of the plant or 

into intercellular cavities or canals. 

Some of the secreted substances are not further utilized by 

the plant (oils, resins, latex, rubber, nectar, tannins, 

perfumes and crystals), while others take part in the 

functions of the plant (enzymes and hormones).They 

sometimes have great commercial value. 

Generally, secretory tissues are derived from parenchyma 

cells. It occurs in pith, cortex, xylem and phloem. It is 

organized into special structures known as glands and 

ducts. 
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Secretory structures range from single cells scattered 

among other kinds of cells to complex structures involving 

many cells; the latter are often called glands. 

Secretory cells may be classified by their location in the 

plant, or on the basis of the product that is exuded. There 

are external and internal secretory systems identified on the 

basis of their position. They include various types: - 
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a. Digestive glands:- 

They are extremely complex glands with a vascular supply 

present in insectivorous plants. The gland secretes digestive 

enzymes that digest insect proteins. 

The secretory product (sticky material) that catches the 

insects and digestive enzymes are secreted by the outer 

layer of densely cytoplasmic glandular cells. 

It is located on the leaf surface or at hair tips. The digestive 

enzymes could diffuse through the walls, enter back into 

the gland and digest the unprotected non-glandular cells, (e. 

g. Drosera, Dionea, Nepenthes and Urticularia). 

b. Nectaries:- 

They secrete a sugar solution (nectar), which attract insects. 

Its secretory tissue consists of an epidermal cells lack of 

cuticle and specialized parenchyma of small densely 

cytoplasmic cells often called nectariferous tissue. 

They are often found on flower parts (floral nectaries), but 

also develop on some leaves and stems (extrafloral 

nectaries). 

Floral nectar attracts insect pollinators of entomophilous 

plants. It usually forms multicellular outgrowths on the 
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flower parts. It may be located in stamens (intrastaminal 

nectary) or at the ovary (septal nectary). 

Extrafloral nectar may attract ants which defend the plant 

from herbivorous insects. They are usually represented by 

glandular hairs or glandular epidermis. 
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c. Hydathodes:- 

They are external secretory structures exuding Water under 

conditions of low transpiration and high humidity; it 

exudes as droplets on the surface of the organ in a process 

called guttation. It present in some plant leaves, such as 

corn, tomato and some grasses. Two types of hydathodes 

are recognized: - 

❖ Active hydathodes: usually in the form of glandular 

trichomes. Water is actively exuded by secretory cells not 

connected to water-conducting tracheary elements. 

❖ Passive hydathodes: usually located at leaf margins or 

tips of leaves. Water is released from tracheary elements 

and then passes through intercellular spaces of the epithem 

(cells have little or no chlorophyll). Water is exuded out of 

the leaf through modified stomata which are permanently 

open. 

d. Resin, oil and gum glands:- 

They secreted in cavities within plant tissue The cavities 

are surrounded by secretory cells known as epithelial cells 

The secretory cells are thin walled, with dense protoplasm 

There are two types- 
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* Schizogenous glands:- their cavities originate by 

separation of cells. They secrete resins (e. g. Pinus). 

❖ Lysigenous glands:- cavities originate by disintegration 

of cells. They secrete essential oils (e. g. Citrus fruits). 

e. Laticiferous glands:- 

They secrete latex, which is a white, yellow or reddish 

viscous fluid. Latex contains proteins, sugars, gums, 

alkaloids and enzymes. In some plants, latex is 

economically important such as Hevea latex (rubber). 

There two types – 

* Latex cells:- long cells extending for long distances 

through the plant It contains dense protoplast and many 

nuclei e g Euphorbia species 

Latex ducts - composed of several tubes arranged 

longitudinally and may be branched. Each tube consists of 

row of cells with disintegrate end walls e g Papaver Hevea 

Carica and some plants of Compositae. 

Another special, type of the external secondary structure is 

stinging hairs producing toxic substances which are stored 

in cell vacuoles. 
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Plant cell differentiation 

Cell differentiation in plants refers to the processes by 

which distinct cell types arise from less specialized cells 

(meristematic cells) and become more specialized cell type 

(different from each other). The differentiation is a 

common process in all plants; the meristematic cells divide 

and create differentiated daughter cells during tissue repair 

and during normal cell turnover. 

Plants have about a dozen basic cell types that are required 

for everyday functioning and survival. Differentiation 

changes a cell's size, shape and metabolic activity; 

modifications of cell walls also play a role in plant cell 

differentiation. 

The apical meristem is an undifferentiated meristematic 

tissue found in the buds and growing tips of roots. Its main 

function is to begin growth of new cells in young seedlings 

at the tips of roots and shoots. Apical meristems are very 

small compared to the cylinder-shaped lateral meristems 

The apical meristems are composed of several layers. The 

number of layers varies according to plant type. In general 

the outermost layer is called the tunica while the innermost 

layers are the corpus. 
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The tunica is consists of 1 or many peripheral layers of 

smaller cells. Its cells divide only in one plane resulting in 

increase in area. It gives rise to epidermis and the outer 

layers of the cortex. 

The corpus divides in several planes resulting in increase in 

mass. It gives the inner portion of the cortex and the central 

region of the axis 

The apical meristem is consists of definite histogens or 

tissue builders, they are meristematic regions. Each 

histogen is responsible for building a definite region of 1ry 

body. 

a Protoderm (dermatogen): - gives rise to the epidermis. 

b Ground meristem: gives rise to the cortex, pericycle, 

medullary ray and pith. 

c. Procambial strands: - give raise the vascular tissue. 

Moving away from meristematic regions, plant cells 

become increasingly differentiated according to their 

position in the plant organ and their function at maturity. 

The major types of differentiated plant cells are the derma! 

cells of epidermis, guard cells and trichomes; ground cells 

(parenchyma, collenchyma and sclerenchyma) and water-

conducting cells of xylem and phloem. 
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Differentiation of epidermal and guard cells 

The epidermal cell is formed by anticlinal divisions of the 

outer layer of the tunica. Where tunica and corpus are not 

distinct, it is formed from the dermatagen. 

In the epidermis of roots, cells develop hair-like outgrowths 

that help the root gather Water and nutrients from the soil. 

The epidermis in stems and leaves develops a covering of 

cuticle. The plastids in epidermal cells do not develop into 

chloroplasts except in specialized guard cells which form in 

pairs around pores in the plant surface called stomata. 

Guard cell mother cell originates by unequal division of a 

protodermal cell. Small cell gives the mother cell The 

guard cells swells and connection between the two cells is 

weakened. The two cells separate in median parts and 

stomatal opening is formed. 
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Differentiation of trichomes 

The distinctive branched unicellular trichomes of plants 

differentiate from undistinguished meristematic cells in the 

protoderm These meristematic cells initiate the 

differentiation pathway by cell expansion in the plane 

perpendicular to the epidermis, forming a tubular 

extension. 

Once this stalk is formed, the nucleus migrates from the 

base of the stalk to its tip. The trichome then undergoes an 

unusual pattern of cell wall growth, in which the cell wall 

balloons out at three locations, forming the trichome. 

Differentiation of ground tissues: 

The meristematic tissues lose the ability to divide. This 

process of taking up a permanent shape, size and a function 

is cabled cellular differentiation. The ground tissues 

differentiate in the zone of maturation to form tissues called 

parenchyma, collenchyma or sclerenchyma. 

Parenchyma tissues are the primary site of cellular 

metabolism. The organelles of parenchyma cells in 

different parts of the plant vary so that they can 

accommodate differences in metabolic functions, 
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Cells of leaf parenchyma and some stem parenchyma have 

large numbers of chloroplasts to carry out photosynthesis. 

Stem and root parenchyma cells have amyloplasts, 

organelles that store starch, Chromoplasts in the 

parenchyma of flower petals contribute to the color of the 

flower petals. 

Collenchyma develops from elongate meristematic cells 

that appear very early in the differentiating meristem. 

Thickening of the walls occurs during elongation growth of 

the cells, with successive layers of wall material formed 

around the entire cell, but they are wider in the places of 

thickenings. 

Fibers are derived from meristematic cells and differentiate 

early into elongated cells with few simple pits in their cell 

walls, and always appear in clusters. On the other hand, 

sclereids are developed from parenchyma cells that are 

secondarily modified. They usually deposit thick secondary 

walls that are heavily lignified. 

Differentiation of conducting tissues: 

Inside plant organs important pathways of cell 

differentiation include the xylem and phloem. The xylem of 

flowering plants contains two kinds of Water conducting 

cells, tracheids and vessel elements. 
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Both of these cell types are elongated and dead at maturity 

thus water moves through them without crossing any lipid 

membranes. In tracheids the cell wall remains intact but the 

secondary wall does not develop in particular areas thus 

there are "pits" though which Water move more readily 

than elsewhere in vessel elements end walls break down so 

that there is an open tube through which Water can move 

unimpeded. Many individual cells can form a vessel that 

can be several centimeters long. As in the tracheids there 

are pits in the side walls so that lateral movement of Water 

is possible as well as longitudinal 

Differentiation of the Vessels: 

Xylem derived from procambium in the primary plant 

body. The vessel is formed from series of xylem mother 

cells (meristematic) by the fusion of the cells end to end. 

The vessel is formed from a series of xylem mother cells 

(meristematic) by fusion of cells end to end. The ends walls 

are loss thus the lumen of the cells are open into one 

another forming a tube. Vessel element enlarges rapidly by 

increase in diameter. At maturity, the cytoplasm begins to 

disintegrate. 

The more primitive vessels have the shape of tracheids with 

relatively small lumen. In advanced vessels, the diameter of 
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the lumen is large, in the evolution of tracheid into vessel, 

the angle of tapering ends becomes greater until the end 

walls become at right angles to side walls. Intermediate 

forms of vessels with tapered ends are known. 

Differentiation of the phloem tissue: 

The phloem cells contain living cytoplasm at maturity and 

are differentiated into pairs of sieve tube elements and 

companion cells. Sieve tubes form the pathway for 

movement of sugars and other organic molecules. 

A sieve element and its companion cell derive from a single 

parent cell known as sieve tube mother cell which divides 

longitudinally. One daughter cell becomes a companion 

cell, and the other a sieve-tube element. Transverse division 

may form a row of companion cells. 

The sieve tube cell elongates. Cytoplasm becomes highly 

vacuolated. Sieve areas develop in end walls, Callus 

develops around strands. At maturity, the wail becomes 

thinner, the nucleus disintegrates, the connecting strands 

increase in diameter, the cytoplasm becomes thin and the 

sieve tube becomes functioning in conduction. 
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Stem  

A. The internal structure of Dicot Stems 

The internal structure of dicot stem consists of epidermis, 

hypodermis, cortex, endodermis, pericycle, pith, medullary 

ray and the vascular tissue system. The stem also shows 

secondary growth. 

 

Epidermis 

Epidermis is the outermost covering of the stem. It is 
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represented by a single layer of compactly arranged, barrel-

shaped parenchyma cells. Intercellular spaces are absent. 

The cells are slightly thick walled. 

Epidermis shows the presence of numerous multicellular 

projections called trichomes. Externally, a thin transparent 

waxy covering called cuticle, which prevents excessive 

evaporation of Water, surrounds the epidermis. The 

epidermis also contains numerous minute opening called 

stomata, which are mainly involved in transpiration. 

Hypodermis 

Hypodermis is a region lying immediately below the 

epidermis. It is represented by a few layers of collenchyma 

cells with angular or lamellar thickenings. The cells are 

compactly arranged without any intercellular spaces. 

Hypodermis provides mechanical support and additional 

protection. 

Cortex 

Cortex is the major part of the stem represented by several 

layers of loosely arranged parenchyma cells; sometimes 

with chlorenchyma. Intercellular spaces are prominent. 

Cortex is the major storage organ in the stem. 
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Endodermis 

Endodermis is the innermost layer of cortex represented by 

compactly arranged barrel shaped cells, without any 

intercellular spaces. The cells are richly deposited with 

starch grains, thus described as starch sheath. 

Stele 

The stele is the central cylinder of the stem, consisting of 

pericycle, vascular bundles, pith and medullary rays. 

Pericycle 

The pericycle is the outermost covering of the stele, which 

lies immediately below the endodermis. It is represented by 

a few layers of compactly arranged sclerenchyma cells. 

Above each vascular bundle, the pericycle forms a distinct 

cap-like structure known as bundle cap. It may form a 

continuous cylinder around the stele. 

Vascular bundles 

The number is various according to plant species; they 

arranged in form of a ring. The vascular bundles are open 

collateral. Each bundle consists of a group of xylem vessels 

to the inside (with the proto-xylem next to the pith) and a 

group of phloem to the outside. Xylem is described as 

endarch. 
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Between phloem and xylem there are several layers of thin 

walled cells known as cambial region. One of these layers 

is the cambium layer, whose meristematic activity later 

leads to the secondary thickening. 

The rays between the bundles are called "medullary rays" 

The pith is surrounded by the ring of the vascular bundles. 

The pith and medullary rays usually consist of parenchyma 

meant for storage of food. 

In some climbing and vegetable plants, each bundle has a 

phloem tissue to the inside in addition to the outer one 

"bicollateral" 

Diagnostic Features of a Young Dicot Stem (Sunflower) 

The following are some of the diagnostic features of a 

young dicot stem:- 

1- Presence of cuticle and trichomes and stomata. 

2- Presence of a hypodermis made up of collenchyma. 

3- Presence of a wavy endodermis containing numerous 

starch grains. 

4- Presence of a pericyclic fibres cap above each vascular 

bundle. 

5- Presence of number of vascular bundles, arranged in 

form of a ring. 
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6- Presence of open collateral bundles with an endarch 

xylem. 

7- Presence of wide medullary rays and wide pith also. 

Secondary thickening in Dicot Stems 

In herbaceous dicots, a limited amount of secondary 

thickening occurs, while it is more evident in perennial, 

woody dicots. The stem increases in thickness as it grows 

older. 

The cambium divides to form 2ry phloem to outside and 

2ry xylem to the inside. The 2ry xylem and 2ry phloem are 

laid down on either side of the cambium. The primary 

xylem and phloem are pushed further apart. The pith 

remains alive. 

Sometimes, the parenchyma of the medullary rays become 

meristematic and the cambium forms a continuous ring. 

Annual rings develop in the 2ry xylem, each' consisting of 

a spring wood layer and a layer of autumn wood. 

Later, the cork cambium or phellogen (2ry meristem) 

develops in the Cortex. It gives rise to cork cells (phellen) 

on the outside and 2ry cortex (phelloderm) on the inside. 

Together this is known as the periderm. Opposite the 

stomata the cork cells (phellem) give rise to lenticells for 

gaseous exchange. 
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B. The internal structure of Monocot Stems 

The internal structure of monocot stem consists of the 

epidermis, hypodermis, ground tissue, and the vascular 

tissue system. 

 

Epidermis 

Epidermis is the outermost covering of the stem 

represented by a single layer of compactly arranged, barrel-

shaped parenchyma cells. Intercellular spaces are absent. 

Trichomes may be absent. A cuticle is present. The 

epidermis contains numerous minute openings called 

stomata. Hypodermis 
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The hypodermis lies immediately below the epidermis. It is 

represented by a few layers of compactly fiber cells. 

Ground Tissue 

The ground tissue is a major component of monocot stem. 

It is undifferentiated into cortex and pith. It is represented 

by several layers of loosely arranged parenchyma cells 

enclosing intercellular spaces. The ground tissue is meant 

for storage of food. 

Vascular Bundles 

They are found irregularly scattered in the ground tissue. 

Towards the periphery, the bundles are smaller in size 

while towards the centre, they are larger in size. 

They bundles are closed collateral. Each bundle is 

surrounded by a bundle sheath formed of fibers. The xylem 

is found towards the outer surface and the phloem towards 

the center. Cambium is absent. 

In Zea mays stem, there are 2 vessels of metaxylem and 

two protoxylem vessels arranged in 'the shape of 'Y'. The 

lower protoxylem vessel is non functional and become a 

cavity. Xylem is described as endarch. 

The phloem is composed of sieve tubes and companion 

cells; phloem fibres and phloem parenchyma are absent. 
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Diagnostic Features of a Monocot Stem (Zea mays) 

The following are some of the diagnostic features of a 

monocot stem:- 

* Presence of a hypodermis made up of fibers. 

* Presence of undifferentiated ground tissue. 

* Presence of numerous vascular bundles. 

Vascular bundles are closed collateral with endarch xylem. 

* Presence of only 2 protoxylem & 2 metaxylem vessels in 

each bundle. 

* Presence of a lysigenous cavity. 

* Absence of phloem fibers and parenchyma. 

* Presence of a bundle sheath made up of fibres. 

 monocot stems dicot stems 

Hypodermis Fibres Collenchyma 

Ground tissue Not differentiated 

into cortex and 

pith 

Differentiated into cortex 

and pith 

Starch sheath Present as fibres Absent 

Pericycle Absent Present as fibres cap 

Bundles arrangement Scattered Arranged in a cycle 
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Vascular bundles Closed collateral Open collateral or 

bicollateral 

Bundle sheath Present as fibres Absent 

Cambium Absent Present 

Vessels 4 in (V) shape Numerous in rows 

phloem Regular Irregular 
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SEEDS AND SEED GERMINATION 

DICOTYLEDONOUS SEEDS 

1- Vicia faba (Broad Bean) 

 

Examine the dry seed and sketch its outline from the side 

and front views. Label the hilum and the microphyle. Examine 

also the different stages of germination. In an old seedling, note 

the development of 2 small primary leaves or prophylls and later 

the first compound leaves typical of  Vicia faba. note the enlarged 

epicotyl which is the part between the point of attachment to the 

cotyledons and the propyls. the hypocotyl on the other hand 

remains small and thus the cotyledons remains below the soil 

surface. this type of germination is called hypogeal germination. 

 البذور والإنبات

 بذور النباتات ذوات الفلقتين

 (  الفول:0)

افحص بذرة الفول الجافة ولاحظ القصرة والسرة ولاحظ أن البذرة لا  -1 

 إندوسبرمية.

الظروف المناسبة للإنبات تنفتح البذرة ويمكن رؤية النقير وجيب بتوفر  -2

 والفلقتان والجنين. الجذير
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انتفاخ الجنين وينمو الجذير ويمزق القصرة من جهة جيب الجذير  يذداد -3

 إلى اسفل وتنمو الريشة فى نفس الوقت بطيئاً ويظهر الجذير متجهاً فى نموه

 إلى أعلى.

منحنيـة إلى  يتم تمزق القصرة ثم تنمو الريشة إلى أعلى سطح التربة وتكون -4

 بيبات التربة.أسفل لمقاومة الإحتكاك بح

لتكوين مجموع جذرى مكون من افحص البادرة الكاملة ولاحظ نمو الجذير -5

جذر ابتدائى يتفرع منه جذور ثانوية وأن الريشة نمت لتكون مجموع خضرى 

 مكون من ساق وأوراق. 

ن أنلاحظ عن باقى الأوراق وأيضاً  لاحظ إختلاف شكل الورقتين الأوليتين -6

تنكمش  ات ـعن السويقة الفوق فلقية وان الفلق السويقة التحت فلقية صغيرة

ات لذا يطلق على هذا النوع من ـتحت سطح التربة خلال فترة الإنبتظل و

 .إنبات أرضىات ـنبالإ
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 .Seed germination of Vicia faba خطوات إنبات بذرة الفول  
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2- Lupinus termis (Lupin). 

 

Examine lupinus seed and note the hilum, the microphyle 

and position of the radicle. Remove the testa and make a drawing 

of the embryo. Within the embryo there are the two cotyledons, 

plumule and radicle. The seed is exendospermic. Examine the 

seedling and note the long hypocotyl carrying the fleshy 

cotyledonary leaves. Note that the hypocotyl is longer than the 

epicotyl. This type of germination is called epigeal germination. 

( الترمس:2)  

 البذرة الجافة تميل إلى الإستدارة وهى لا إندوسبرمية. -1

 البذرة المبتلة والجنين داخلها تشبه بذرة الفول المبتلة. -2

ذلك  ذير إلى أسفل وتنمو الريشة إلى أعلى حاملة معها الفلقات ويكونينمو الج -3

 ًبتمزق القصرة.  مصحوبا

 خضران لتكونا الورقتان الفلقيتان.تظهر الفلقات فوق سطح التربة وت -4

 الحقيقية. افحص البادرة الكاملة ولاحظ الفرق بين الورقتان الفلقيتان واوراق النبات -5

هذا كما يلاحظ أن السويقة التحت فلقية أطول من السويقة الفوق فلقية ولذا يسمى 

  .إنبات هوائىالإنبات 
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 . Seed germination of Lupinus termis  ترمسخطوات إنبات بذرة ال
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3- Ricinus communis (Castor Bean) 

 

Sketch the seed from the outside and note that the 

microphyle is covered by a spongy structure called caruncle. 

Crack the shell and cut transverse and longitudinal section to show 

the relation of the different parts. Note the embryo which consists 

of two membranous cotyledons, a radicle and a plumule. Note that 

the embryo is surrounded by the endosperm. The seed of Ricinus 

is called endospermic, while the seed of Vicia and Lupinus in 

which the reserve food is stored in the embryo itself is called 

exendospermic. Note that in the seedling stage, the hypocotyl is 

long and the two expanded cotyledons form the first green leaves 

of the plant. So the type of germination here is epigeal 

germination. 

روع:( الخ2)  

وكذلك الكتلة لبيشاء الطرفية  افحص البذرة الجافة ولاحظ القصرة المزركشة -1   

 والتى تسمى البسباسة.

-وجود الطبقات التالية: القصرةطولياً وعرضياً فى البذرة ولاحظ خذ قطاعاً  -2   

 .الجنين. نلاحظ هنا أن البذرة اندوسبرمية -الإندوسبرم -الشغاف

ينمو الجذير إلى أسفل وتستطيل السويقة التحت فلقية إلى أعلى تتمزق القصرة و -3  

، حيث تخضران لتكونا الورقتان الفلقيتان. حاملة معها الفلقتان أعلى سطح التربة

. الإنبات هنا من النوع كما تنمو الريشة إلى أعلى مكونة المجموع الخضرى

 الهوائى.
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 . Seed germination of Ricinus communis  لخروعخطوات إنبات بذرة ا
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MONOCOTYLEDONOUS SEEDS 

1- Zea mays (Maize) 
 

Note that one end of the grain is more or less tapering and 

leads to the former point of attachment to the cob, while the other 

end is broad and slightly rounded. Note also the oval depression 

on one of the flat faces. This marks the position of embryos. 

Above this, note the presence of sear-like projection marking the 

former stylar attachment. 

Take a soaked grain of the same, split it into two halves 

along the axis of the embryo using a scalpel or safety razor. This 

cut will show the parts of the embryo and their relation to the 

endosperm. Make a sketch to show the plumule, plumule sheath, 

radicle, radicle sheath, the single cotyledon (Scutellum) and the 

white and yellow endosperm. In a young seedling note the 

appearance of the plumule sheath and radicle sheath enclosing the 

plumule and radicle respectively. The plumule and the radicle 

soon pierce through their sheaths and develop into the young shoot 

and young root. In an older seedling note the development of 

adventitious roots which come out from the base of stem. 
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 ذوات الفلقة الواحدة النباتاتبذور

 

 ( الذرة الشامية:0)

يلاحظ لى أحد سطحيها انخفاض بيضى حبة الذرة ليست بذرة ولكنها ثمرة  -1

 القلم. يحدد موضع الجنين كما يوجد فى القمة العريضة نتؤ يمثل بقاياالشكل 

إندوسبيرم  -إندوسبيرم قرنىخذ قطاع طولى فى الحبة ولاحظ وجود الآتى:  -2

 قصعة.ال -الريشة -جيب الريشة -الجذير -جيب الجذير -دقيقى

أثناء الإنبات ينمو الجذير إلى أسفل مخرقاً غمده ثم تظهر الجذور الجنينية كما  -3

يث تخترق الغمد داخل غمدها حتى فوق سطح التربة ح تنمو الريشة إلى أعلى

 وتظهر الورقة الخضرية الأولى.

افحص البادرة الكاملة ولاحظ ظهور الجذور العرضية وكذلك الأوراق  -4

 الشريطية.
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 . Grain germination of Zea mays  حبة الذرةخطوات إنبات 
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ROOT SYSTEM 
 

Roots classified into: 

I- Primary or tap root: Originate from the radicle and 

classified in to: 

1- Normal tap roots: (e.g: cotton root). 

2- Storage tap root: 

a- Conical root: (e.g: carrot root). 

b- Fusiform root: (e.g: radish root). 

c- Napiform root: (e.g: turnip root). 

II- Adventitious roots: Originate from some other organ than 

the radicle. It classified into: 

a- Fibrous roots: (e.g: onion). 

b- Prop roots: (e.g: maize). 

c- Storage roots (tuberous): (e.g: sweet potato). 

d- Climbing roots (tendrils): (e.g: Cereus). 

e- Aerial roots (Pillar): (e.g: Ficus beneghalensis). 

f- Respiratory roots: (e.g: Avicennia sp). 

g- Haustoria of parasites: (e.g: Orobanche and Cuscuta). 
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 المجموع الجذرى

 

 تنقسم الجذور إلى:

ينشأمن الجذير وينقسم إلى جذر أولى أو وتدى:: أولًا  

 جذر وتدى عادى: جذر القطن. -1

 وتدى متشحم:جذر  -2

 مخروطى: جذر الجذر. - أ

 مغزلى: جذر الفجل. - ب

 لفتى )كروى(: جذر اللفت. -ج

 ور عرضية: تنشأ من اى عضو عدا الجذيرثانياً: جذ

 جذور ليفية: جذور البصل. - أ

 جذور مساعدة: جذور الذرة. - ب

 جذور تخزينية )درنية(: جذور البطاطا. -ج

 جذور متسلقة: جذور الشمع. -د

 جذور هوائية )دعامية(: جذور التين البنغالى. -هـ

 جذور تنفسية: جذور ابن سينا )المنجروف(. -و

 طفيلية(: جذور الهالوك والحامول.جذور ممصات ) -ز

 

 

 

 



PLANT MORPHOLOGY مورفولوجيا النبات                                                 

-18- 

 

D
if

fe
re

n
t 

ty
p

es
 o

f 
ta

p
 r

o
o
ts

 

ية
تد

لو
ر ا

ذو
ج

 لل
فة

ختل
لم

ع ا
وا

لأن
 ا



PLANT MORPHOLOGY مورفولوجيا النبات                                                 

-19- 

 



PLANT MORPHOLOGY مورفولوجيا النبات                                                 

-20- 

 

D
if

fe
re

n
t 

ty
p

es
 o

f 
ad

v
en

ti
ti

o
u
s 

ro
o
ts

 

وا
لأن

ا
ر ا

ذو
ج

 لل
فة

ختل
لم

ع ا
ية

ض
ر
لع

 



PLANT MORPHOLOGY مورفولوجيا النبات                                                 

-21- 

 

D
if

fe
re

n
t 

ty
p

es
 o

f 
ad

v
en

ti
ti

o
u
s 

ro
o
ts

 

ر ا
ذو

ج
 لل

فة
ختل

لم
ع ا

وا
لأن

ا
ية

ض
ر
لع

 

T
.S

 i
n

 h
o

st
 s

te
m

ل 
ائ
لع

ق ا
سا

ى 
 ف

ع
 ق.



PLANT MORPHOLOGY مورفولوجيا النبات                                                 

-22- 

 



PLANT MORPHOLOGY مورفولوجيا النبات                                                 

-23- 

 



PLANT MORPHOLOGY مورفولوجيا النبات                                                 

-24- 

 



PLANT MORPHOLOGY مورفولوجيا النبات                                                 

-25- 

 

SHOOT SYSTEM 

The Stem 
 

The buds:  

1- Classification according to their position on the stem: 

a- Terminal bud: found at the tip of stem (e.g: Duranta). 

b- Lateral (axillary) buds: found on the sides of stem in the axils 

of leaves. Note also the accessory buds. 

2- Classification according to their nature: 

a- Leafy buds (summer buds) or naked buds: (e.g: Cabbage) 

composed of main axis from which arises folded bud leaves.  

b- Scaly buds (winter buds) or covered buds: (e.g: Morus or 

Populus) the bud is enclosed in scale leaves. 

 المجموع الخضرى

 )السـاق(

 البراعم:

 تنقسم البراعم تبعاً لموضعها على الساق إلى: -0

 يوجد فى قمة الساق كما فى الدورنتا. برعم طرفى:  - أ

كما يوجد أحياناً  كما فى الدورنتايوجد فى إبط الأوراق  برعم جانبى )إبطى(: - ب

 بالإضافة إليه برعم مساعد.

 ى:كما تنقسم البراعم تبعاً لتركيبها إل -2

مفككه كما ء برعمية خضراتتكون من اوراق  براعم ورقية )صيفية أو عارية(: - أ

 فى الكرنب والدورنتا.

بأوراق فها غلتتتكون من أوراق خضراء براعم حرشفية )شتوية او مغطاه(:  - ب

 كما فى التوت والحور. حرشفية جافة
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Branching of the stem: 

1- Monopodial branching: (e.g: Casuarina) the axis of the plant is 

given by the same terminal bud, leaves very small, whorled and 

united at the base, on short green branches. 

2- Sympodial branching: (e.g: Vitis) the axis of plant consists of 

many segments which differ in origin. The terminal bud is 

transformed into tendril and the axillary bud completed the 

growth to form one or more segments or internodes of stem. 

 تفرع الساق:

كما فى الكازورينا حيث يلاحظ أن البرعم الطرفى يظل  تفرع صادق المحور: -0

مستمراً فى نموه والأفرع الجانبية تخرج من البراعم الأبطية والأوراق صغيرة 

 .وسوارية

كما فى العنب حيث يتوقف البرعم الطرفى عن النمو  تفرع كاذب المحور: -2

ويواصل النبات نموه بواسـطة أحد البراعن لتحوره إلى محلاق أو تكوينه زهرة 

 الإبطية.
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Forms of aerial stems: 

 

1- Erect stem: e.g. Duranta. 

2- Climbing stem    

a- By tendrils: e.g. Vitis.     

b- By twining: e.g. Convolvulus. 

c- By petiols: e.g. Tropaeolum. 

3- Weak stems 

a- Prostrate stem: The stem creeps on the ground, but the 

roots do not arise at the nodes, e.g. watermelon.  

b- Creepers – The stem creeps on earth and the roots arise 

at the nodes, e.g.: Strawberry. 

 

 أشكال السيقان الهوائية:

                     الدورنتاساق قائمة:  -0

 بإستخدامويكون ذلك : ساق متسلقة  -2

 ابوخنجر. أعناق الأوراق: -جالعليق     :الإلتفاف -ب      .العنب: المحلايق -أ          

 ومنها سيقان ضعيفة: -2

 : الفراولة.ساق جارية -ب          .         البطيخساق زاحفة:  - أ
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Modified stems: 

The stem may be modified to serve the following functions: 

1- Assimilation: 

a- Ruscus: Here the shoots generally develop a reduced 

leaves, while the branch becomes flat and performs the 

functions of leaves (leafy stem). 

b- Opuntia: The metamorphosed shoot is large, flattened 

and green. It is fleshy owing to storage of water 

(Succulent stem). It bears small fleshy leaves which 

drop often very early. Spines occur in leaf axis.  

2- Reduction of transpiring surface: (e.g: Alhagi). The 

branches take the form of spines. 

3- Climbing: (e.g: Vitis). Here the bud instead of giving a 

branch, gives a tendril. 

4- Perennation, food storage and vegetative reproduction: 

In this case the metamorphosed stems are subterranean and 

bear scale leaves. The reserve food material is stored in the 

underground stems or in the leaves. 

a- Rhizome: underground stem, horizontally divided into 

nodes and internodes, and covered by scale leaves. Note 

the adventitious roots, axillary buds, terminal bud and 

the aerial shoots. (e.g: Rhizome of Canna and Cynodon). 
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b- Tuber: (e.g: Solanum tuberosum). Fleshy tips of 

underground stems, small leaves and buds occur in 

surface pits (eyes). Note the terminal bud at one end and 

the position of attachment to the stalk at the other end. 

c- Corm: (e.g: Colcasia anticorm). Subterranean swollen 

stem, vertically divided into nodes and internodes. Note 

that the internodes are encircled by scaly leaves arising 

at the nodes and axillary buds. Make a median 

longitudinal cut in the corm and sketch the cut surface. 

Note the corm of the present year (main bulk), with a 

remainant of the corm of the last year at its base. Corm 

of the next year will arise from any of the lateral bude. 

d- Bulb: (e.g: Onion). Shortened shoot with a flattened 

discoid stem and fleshy leaf bases in which the reserve 

food material is stored. The terminal bud will give a 

flowering shoot. An axillary bud will give the bulb of the 

next year. Note also the dry brown scales and the 

adventitious roots. 

5- Dwarf stem: e.g: Pinus. 

6- Discoid stem: e.g: Carrot and radish.  
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 تحورات السيقان:

تتحور السيقان لأداء الوظائف التالية:   

 التمثيل )البناء الضوئى(: -0

الساق لها شكل ورقى وما يدل على أنها ساق أنها تخرج  السفندر: - أ

وتحمل أوراق حرشفية فى آباطها براعم من إبط ورقة حرشفية 

 زهرية.

لها أوراق خضراء تتساقط مبكراً  ساق مفلطحة التين الشوكى: - ب

 (.ساق عصيرية)وهى  ى آباطها إنتفاخات عليها أشواك عديدةوف

 وفيه تتحور السيقان الجانبية إلى أشواك. تقليل معدل السطح الناتح:  -2

 كما فى العنب حيث تتحور الببراعم ألى محاليق للتسلق. التسلق: -2

 تكون الساق تحت أرضية وفيها التعمير والتخزين والتكاثر الخضرى: -4

عقد يخرج منها جذور  أرضية يوجد عليها ساق تحت الريزوم:  - أ

وللريزوم برعم طرفى عرضية وأوراق حرشفية فى آباطها براعم 

 النجيل(. -وآخر إبطى )الكانا

. ساق أرضية يلاحظ عليها العيون الغائرة الدرنة: )البطاطس( - ب

داخلها عدة براعم وتوجد العين فى غبط ورقة حرشفية تسقط التى ب

 مبكراً.

اسفل  تنمو عمودياً متضخمة . ساق أرضيةلقاس(الكورمة: )الق - ج

سطح التربة. لاحظ لعقد والسلاميات والأوراق الجرشفية التى فى 

آباطها براعم. كما يلاحظ البرعم الطرفى والجذور العرضية 

 وبقايا كورمة السنة الماضية وكورمة السنة القادمة.
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الشكل قرصية ساق أرضية قصيرة منبسطة  )البصل(  البصلة: -د   

أوراق حرشفية تغطى قواعد الأوراق المتشحمة. كما يلاحظ  تحمل 

  .الليفيةالعرضية البرعم الطرفى والبراعم الإبطية والجذور 

 الصنوبر.ساق متقزمة:  -5

 الجزر والفجل. ساق قرصية: -6
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Leaves and their modifications. 
 

Leaf petiole: 
a- Sessile: petiole absent: (e.g: Linum). 

b- Petiolate: 

1- Normal petiole: (e.g: Eucalyptus). 

2- Elongate petiole: (e.g: Colocasia). 

3- Climbing petiole: (e.g: Tropaeolum).  

 

 الأوراق وتحوراتها:

 تنقسم الأوراق تبعاً لوجود العنق إلى:

 ورقة جالسة: لايوجد لها عنق كما فى الكتان. - أ

 ورقة معنقة: وتنقسم إلى - ب

 كما فى الكافور. عنق عادى: -0
 كما فى القلقاس. عنق طويل: -2
 كما فى أبوخنجر. عنق متسلق: -2

 
Leaf base: 

1- Exstipulate: e.g. Eucalyptus. 

2- Stipulate: classified into the following: 

a- Hairy stipules: e.g. Corchorus. 

b- Ordinary stipules: e.g. Rosa. 

c- Leafy stipules: e.g. Lathyrus. 
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d- Stipuleolate: e.g. Phaseolus. 

e- Spiny stipules: e.g. Acacia and Ziziphus. 

 

 كما تنقسم الوراق تبعاً لقاعدتها إلى:

 كما فى اوراق الكافور.ورقة غير مؤذنة:  -0

  وتنقسم إلىورقة مؤذنة:  -2

 كما فى الملوخية.أذينات شعيرية:  - أ

 كما فى الورد. أذينات عادية: - ب

 كما فى البسلة.متورقة:  أذينات -ج

 كما فى الفاصوليا. أذينات مصغرة: -د

 كما فى السنط والسدر. شوكية: أذينات -هـ
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Leaf venation: 
1- Reticulate: 

a- Pinnate: e.g. Ficus. 

b- Palmate: e.g. Ricinus. 

2- Parallel: 

a- Longitudinal: e.g. Triticum (wheat). 

b- Transverse: e.g. Musa. 

 التعرق فى الأوراق:

 تعرق شبكى: -0

 كما فى التين.ريشى: شبكى  - أ

 كما فى الخروع.شبكى راحى:  - ب

 تعرق متوازى: -2

 كما فى القمح.متوازى طولى:  - أ

 كما فى الموز.متوازى مستعرض:  - ب

Leaf arrangement: 
1- Alternate: e.g. Eucalyptus. 

2- Opposite superposed: e.g. Duranta. 

3- Opposite decussate: e.g. Calotropis. 

4- Whorled or verticillate: e.g. Nerium. 

 توزيع الأوراق على الساق:

 الدورنتا.متقابل:  -2                                  الكافور.: متبادل -0

 الدفلة. سوارى )محيطى(:  -4                   أم العشار. متقابل متصالب:  -2
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Leaf blade 
 

A- Shape: 

1- Needle like or acicular: e.g. Pinus. 

2- Linear: e.g. wheat. 

3- Ovate: e.g. Ficus. 

4- Spathulate: e.g. Portulaca. 

5- Cordate: e.g. Ipomoea. 

6- Reniform: e.g. Bauhenia. 

7- Peltate: e.g. Tropaeolum. 

8- Lanceolate: e.g. Eucalyptus. 

9- Hastate: e.g. Convolvulus. 

10- Tubular: e.g. Allium. 

11- Sagittate: e.g. Calla. 

12- Elliptical: e.g. Poinciana. 

 :لـالنص

 شكل النصل: - أ

 أبوخنجر.ورقة قرصية:  -7                         الصنوبر.ورقة إبرية:  -0

 الكافور.ورقة رمحية:  -8                          القمح. ورقة شريطية: -2

 العليق. مزراقية:ورقة  -9                             التين.ورقة بيضية:  -2

 البصل.     ورقة انبوبية: -01                         الرجلة. ملعقية:ورقة  -4

 الكالا. ورقة سهمية: -00                     ست الحسن.ورقة قلبية:  -5

 البوانسيانا. ورقة أهليلية: -02                     خف الجمل. ورقة كلوية: -6
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B- Leaf margin: 

 

1- Entire: e.g. Ficus. 

2- Dentate: e.g. Duranta. 

3- Serrate: e.g. Rosa. 

4- Crenate: e.g. Morus. 

5- Sinuate: e.g. Cuercus. 

 

 حافة الورقة: - ب

 

 .التوتمقروضة:  -4التين.                                 كاملة:   -0

 البلوط. متعرجة: -5                            .الدورنتا مسننة:  -2

 الورد. منشارية: -2

C- Leaf apex: 
 

1- Acute: e.g. Duranta. 

2- Laminata: e.g. Dalbergia. 

3- Caudate: e.g. Ficus religiosa. 

4- Obtuse: e.g. Albezzia. 

5- Emarginate: e.g. Bauhinia. 

 قمة الورقة: -ج

 

 اللبخ.           مستديرة: -4الدورنتا                          حادة )مدببة(: -0

 خف الجمل.    ة:غائر  -5                            السرسوع. مستدقة: -2

 التين المذنب. مستدقة مذنبة: -3
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D- Leaf composition: 

 

1- Simple: e.g. Ficus nitida. 

2- Compound leaf: 

a-  Compound pinnate: 

1- Paripinnate: e.g. Albizzia. 

2- Imparipinnate: e.g. Rosa. 

3- Bipinnate: e.g. Poinciana. 

b- Compound palmate: e.g. Lupinus. 

 

3- Lobed leaf: 

a- Palmately lobed: 

1- Palmatifid: e.g. Pelargonium. 

2- Palmatipartite: e.g. Ricinus. 

3- Palmatisect: e.g. Ipomoea sp. 

b- Pinnately lobed: 

1- Pinnatifid: e.g. Chrysanthemum. 

2- Pinnatipartite: e.g. Sernaria. 

3- Pinnatisect: e.g. Foeniculum. 
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 تركيب الورقة: -د

 

 التين.بسيطة:  -0

 كبة:مر -2

 مركبة ريشية: ( أ)

 اللبخ.مركبة ريشية زوجية:  -0

 الورد.مركبة ريشية فردية:  -2

 البوانسيانا.مركبة ريشية متضاعفة:  -2

 الترمس. مركبة راحية:  ( ب)

 

 مفصصة: -2

 مفصصة راحية: ( أ)

 الجارونيا. ضحلة التفصص الراحى: -0

 الخروع. عميقة التفصص الراحى: -2

 ست الحسن المشرحة.مشرحة التفصص الراحى:  -2

 ة:مفصصة ريشي ( ب)

 .كريزانثيمال ى:يشضحلة التفصص الر -0

 .سينارياال ى:يشعميقة التفصص الر -2

 الشمر.ى: يشمشرحة التفصص الر -2
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Modifications of the leaf 
 

1- Scale leaf: e.g. Cynodon. 

2- Tendrils: e.g. Pisum (leaflet modified into tendril). 

3- Spiny leaf: e.g. Acacia (stipules modified into spines). 

4- Storage leaf: e.g. Zygophyllum. 

5- Insectivorous plants: 

a- Nepenthes: The leaf modified into pitcher. 

b- Drocera: Possesses cylindrical petioles and oval shape 

blades covered with glandular hairs. 

c- Dionaea: The blade composed of two lobes which 

captures insects. 

d- Urticularia: Some leaflets are modified into bladders. 

 

 تحورات الورقة:

 السنط.: أذينات شوكية  -2                   النجيل.  ورقة حرشفية: -0

 الرطريط.                  ورقة تخزينية: -4 .                  : البسلةوريقات محلاقية -2

 

                 آكلة الحشرات: تحورات أوراق النباتات  -5

 تتحور الورقة إلى وعاء يشبه القدر.النبنسس:  - أ

 لها عنق اسطوانى ونصل بيضى الشكل عليه شعيرات غدية.الدروسيرا:  - ب

 من مصراعين على حافتهما ذوائد حادة. النصل يتكونالديونيا:  -ج

 بعض الوريقات تتحور إلى مثانات.حامول الماء:  -د
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 بسم الله الرحمن الرحيم

--------------------------------------------------------------------اسم الطالب:  

----------------------------------الفرقة/الشعبة:  ------------------------الكلية:  

-----------------------------------العام الجامعى: ---------------الفصل الدراسى:  

 توقيع المشرف
أو  توقيع المعيد

 المدرس المساعد
 الأسبوع التاريخ

 الأول   

 الثانى   

 الثالث   

 الرابع   

 الخامس   

 السادس   

 السابع   

 الثامن   

 التاسع   

 العاشر   

 الحادى عشر   

 الثانى عشر   

 الثالث عشر   

 الرابع عشر   
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 الدروس العملية في التشريح
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Microscope 

Study the different parts of the microscope, with the aid of 

the plate. Preparation of material for examination: 

Place a drop of water on a clean slide. The material to be 

examined is placed in this water. With the edge of the clean 

cover slip touching this water and tilted at an angle with 

slide, drop the cover slip until no air bubbles are formed. 

Blot off any excess water. 

General remarks on using the microscope:- 

1-Before using the microscope be sure all lenses are clean. 

2–Always, keep the stage clean and dry. 

3 - Move the mirror before the test to provide the best 

illumination and the best image. 

4 – To study an object use first the low power and then high 

power. Do not use the latter before putting a cover slide.  

5 - When you use the high power, use only the fine 

adjustment. 

6 - Use both your eyes when looking in the microscope. 
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 الميكروسكوب

 ادرس اجزاء الميكرسكوب وذلن بالاستعانة بالرسم الموجود امامن.

 طريقة تجهيز عينة للفحص ميكروسكوبيا:

ضع نمطة ماء علي شريحة نظيفة ثم ضع العينة المراد فحصها علي نمطة الماء ثم 

بين الاصبعين في وضع مائل ثم تخفض تدريجيا حتي يلامس  coverامسن الغطاء 

 ة الماء بحيث يكون مرتكزا علي جانبه لتلافي تكوين فماعات هوائية.سطح نمط

 ارشادات عامة لاستعمال الميكروسكوب:

 لبل استعمال الميكروسكوب نظف جميع عدساته بورق البفره. -1

 دائما اجعل المسرح او المنصة نظيفا وجافا. -2

 حرن المرآة لبل الفحص للحصول علي احسن اضاءة. -3

موة الصغري ثم الكبري ولا تستعمل الموة الكبري دون افحص العينة اولا بال -4

 استعمال غطاء للشريحة.

 فمط. او الدليك عند استعمال العدسة الكبري استعمل الضابط الصغير -5

 استعمل كلتا عينان عند النظر في الميكرسكوب. -6
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 تركيب الميكرسكوب الضوئي
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Plant anatomy 

Structure of the plant cell. 

I. Living cell contents: 

a) Cytoplasm                             b) nucleus   

Examine a stripe of upper epidermis of fleshy onion. 

 c)  Plastids 

 1- Chloroplast: Examine the leaf of Elodea and examine 

the spiral shape chloroplast of Spirogyra.   

2- Chromoplast : squash little of tomato fruit and 

observe the different shape of chromoplast.        

I. Non-living cell contents: 

1- Starch grains: 

a) Potato starch: three types which are simple 

(with excentric hilum), semi compound and 

compound grains. 

b) Phaseolus starch: characterized by a 

branched hilum. 
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c) Wheat starch: simple grains with a concentric 

hilum. 

d) Rice starch: very small and grouped in 

compound grains. 

e) Zea starch: characterized by elongated and 

branched hilum. 

2- Aleurone grains: composed of crystalloid and 

globoid (e.g. Ricinus seed). 

3- Calcium oxalate crystals:  

a- Solitary crystals as in Tamarix  stem. 

b- Druses as in Tilia stem. 

c- Raphides as in Draceana stem. 

4- Calcium carbonate: Examined T.S. in Ficus elastica 

leaf. Notice the enlargement of some epidermal 

cells forming a cystolith. A cellulose protuberance 

arises internally on the cell wall and becomes 

impregnated with calcium carbonate. 

5- Anthocyanin pigment: stripe off a piece of the 

upper epidermis of a Pelargonium petal and 
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examine to notice the red colour of anthocyanin 

pigment. 

 

ريح النباتتش  

 تتركيب الخلية النباتية من:

 المحتويات الحية: 

 النواة -ب                      السيتوبلازم - أ

افحص سلخا في بشرة لواعد البصل ولاحظ تركيب خلاياه بالموة الصغري 

 والكبري للميكروسكوب.

 البلاستيدات: -ج

البلاستيدة بلاستيدات خضراء: افحص طحلب الاسبيروجيرا والزيجنيما وارسم  -1

 الحلزونية والنجمية وكذا افحص ورلة الالوديا ولاحظ البلاستيدات المرصية.

بلاستيدة ملونة: افحص هرسا من الطماطم ولاحظ البلاستيدات الملونة  -2

 العصوية.

 المحتويات الغير حية:

  حبيبات النشا: -1

نشا البطاطس: خذ كشطا من درنة البطاطس وافحصه ولاحظ السرة الغير  - أ

ولاحظ وجود ثلاثة انواع من الحبيبات وهي : الحبيبات البسيطة  مركبة

 والنصف مركبة والمركبة.

 نشا الفاصوليا: ويتميز بسرة متفرعة نجمية. - ب

 نشا الممح: يتميز بوجود سرة مركزية. - ت

 نشا الارز: حبيبات دليمة مضلعة متجمعة. - ث

 نشا الذرة: يتميز بوجود سرة طويلة متفرعة. - ج
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تركب من جسم اساسي داخله جسم بلوري واخر شبه : وتحبيبات الاليرون -2

 بلوري )بذرة الخروع(.

 بلورات اكسالات الكالسيوم: -3

 بلورة مفردة )معينة(: توجد في لشرة نبات اللبخ. - أ

 بلورة ابرية: توجد في لشرة نبات الدراسينا المسن. - ب

 بلورة نجمية: توجد في ساق نبات التيليا المسن. - ت

ع عرضي في ورلة التين المطاط ولاحظ افحص لطا كربونات الكالسيوم: -4

كربونات الكالسيوم الموجوده في صورة ما يسمي بالحويصلة الحجرية التي 

 تتدلي من احد خلايا البشرة بواسطة نتؤ سليلوزي.

: افحص بشرة بتلات نبات الجارونيا ولاحظ ان جدر صبغة الانثوسيانين -5

هة نحو الداخل ويوجد الخلايا مضلعة وتمتد من جذرها نتؤات سليلوزية متج

 بداخل الخلية صبغ الانثوسيانين الاحمر.
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Cells and tissues 

a- Epidermal cells:- 

1- Normal epidermis: T.S. in Helianthus stem. 

2- Cutinized epidermis: T.S. in Aloe leaf. 

3- Multiserriate epidermis: T.S. in Ficus elastic leaf.  

Hairs and tricomes:- 

1- Simple hair: Zea hairs. 

2- Compound hair: Helianthus hairs. 

3- Glandular hair: Pelargonium hairs. 

4- Branched unicellular hair: Matthiola hairs. 

5- Peltate hair: Olea hairs. 

6- Papillae: Pelargonium  petals. 

Stomata:- 

1- Kidney shape: e.g. Vicia faba leaf. 

2- Dumb-bell shape: e.g. Zea leaf. 

3- Sunken: e.g. Pinus leaf or Aloe leaf. 

4- Sunken stomata with hairs: e.g. Nerium leaf.  
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 انواع الخلايا والانسدت

 -نسيح البششة: - أ

 : ق.ع. في ساق ػثاد انشًس.تششج ػاديح -1

 تششج يتاديح: ق.ع. في ٔسلح انصثاس. -2

 تششج ػذيذج انطثماخ: ق.ع. في ٔسلح انتيٍ انًطاط. -3

 -والضوائذ السطحيت:الشعيشاث        

 شؼيشج تسيطح: شؼيشاخ انزسج. -1

 شؼيشج يشكثح: شؼيشاخ ػثاد انشًس. -2

 شؼيشج غذيح: شؼيشاخ انداسَٔيا. -3

 شؼيشج يتفشػح ٔزيذج انخهيح: شؼيشاخ انًُثٕس. -4

 شؼيشج لشصيح: شؼيشاخ انضيتٌٕ. -5

 خًلاخ: تتلاخ انداسَٔيا. -6

 -الثغوس:

 ثغش كهٕي: ٔسلح انفٕل. -1

 سج.ثغش صٕنداَي: ٔسلح انز -2

 ثغش غائش: ٔسلح انصُٕتش. -3

 ثغش غائش تشؼيشاخ: ٔسلح انذفهح. -4
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b- Parenchyma cells:- 

1- Polyhedral (spongy)       2- Armed                  3- 

Aerenchyma 

4-  Lignified parenchyma            5- Chlorenchyma  

c- Collenchymas cells:- 

1- Angular                        2- lamellar                3- 

lacunar  

d- Sclerenchyma cells:- 

1- Fibers                                      2- stone cells 

e- Xylem tisse: 

1- Vessels: differ in the type of lignifications:- 

a- Annular                  b- Spiral                     c- 

Scalariform  

d-  Pitted                          e- Reticulate  

2- Tracheids: posses bordered pits. 

3- Xylem parenchyma. 

4- Xylem fibers. 

f- Phloem:- 

1- Sieve cells                           

2-  Companion cells 
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3- Phloem parenchyma               4- Phloem 

fibers 

g- Secretory tissue:- 

1- Schizogenous gland : e.g. Pinus stem. 

2- Lysigenous gland: e.g. Citrus. 

 

 

 -: ٔيُٓا ػذج إَاع ْي : الخلايا البشانشيميت - ب

: يضسػح -2                 : ساق انزسجػذيذج الاضلاع )اسفُديح( -1

يهدُُح: خزس  -4                : ساق الانٕديإْائيح -3               ٔسلح انٓاكيا

    انكهٕسَشيًح: ساق انهٕف -5         انزسج      

 -ٔيُٓا ثلاثح إَاع ْي: الخلايا الكولنشيميت: -ج

تدٕيفيح: ػُك  -3صفائسيح: ساق ػثاد انشًس     -2صأيح: ساق انهٕف        -1

 انتٕخ

 -ا يغهظح تانهدُيٍ سًيكح اندذس ٔتُمسى اني:: خلايالخلايا الاسكلشانشيميت  -د

 انياف: تشيسيكم ساق ػثاد انشًس -1

 حخلايا زدشيح: تتًيض تٕخٕد َمشج يتفشػح ْٔي يٕخٕدِ في ثًاس اندٕاف -2

 -: ٔيتشكة يٍ:نسيح الخشة -ھ

 -أػيح انخشة: تختهف في طشيمح تغهظٓا تانهدُيٍ اني: -1

 شثكي -ْ      يُمش -سهًي     د -زهضَٔي     ج -زهمي      ب - أ

 انمصيثاخ: ٔتٕخذ ػهيٓا َمش يضفٕفح. -2
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 تاسَشيًح انخشة. -3

 انياف انخشة -4

 -: يتشكة يٍ:نسيح اللحاء -و

خلايا يشافمح                                                          -2انخلايا انغشتانيح                         -1

       نياف انهساءا -4   تاسَشيًح انهساء                -3

 النسيح الافشاصي: -ص

 غذج اَفصانيح: ساق انصُٕتش -1

        غذج اَمشاضيح: لششج انثشتمال -2
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Types of Sclereids 
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Anatomy of the stem 

A-young dicotyledonous stem 

1- Helianthus stem 

Examine a T.S. in Helianthus stem and notice the 

following layers:- 

1- The epidermis: this tissue covers the outside of 

the cortex. 

2- The cortex: it is composed of collenchymas and 

parenchyma. The innermost layer of the cortex 

which is adjacent to the    vascular cylinder may 

have a specialized type of parenchyma having 

starch grains known is starch sheath. 

3- Pericycle: composed of fibers. 

4- Vascular cylinder: it is composed of the vascular 

tissues and the surrounding tissues such as the 

pith and medullary rays. The vascular tissues is 

composed of xylem consists of vessels separated 

by rows of xylem parenchyma. The vascular 

tissues are arranged in bundles generally forming 

a definite cycle. The xylem is endarch i.e. the 
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protoxylem is directed inwards. The cambium 

persists in the vascular bundle which is 

therefore said to be open. The strips of 

cambium within these open bundles or fascicular 

cambium. The pith (medulla) is composed of 

parenchyma. 
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 ساق فلقتين حذيث-أ

 ساق عباد الشمس -1

 افسص لطاع ػشضي في ساق ػثاد انشًس ٔلازظ الاتي:

انثششج: صف ٔازذ يٍ خلايا تشييهيح يتشاصح ٔيغطاج تطثمح يٍ انكيٕتيٍ يٍ  -1

 انخاسج.

انمششج: تتكٌٕ يٍ خلايا كٕنُشيًيح اسفم انثششج ثى خلايا تاسَشيًيح ثى انغلاف  -2

 انُشٕي.

 نياف تٕخذ فٕق كم زضيح.انثشيسيكم: كتم يٍ ا -3

الاسطٕاَح انٕػائيح: تتكٌٕ يٍ زضو ٔػائيح يشتثح في دائشج ٔازذج ٔانسضو   -4

 يٍ انُٕع انًفتٕذ تتكٌٕ يٍ :

 انهساء: خلايا غشتانيح ٔخلايا يشافمح ٔتاسَشيًح نساء.-

 انكًثيٕو: صف يٍ خلايا يشستيًيح.-

 اخم.انخشة: أػيح يفصهٓا تاسَشيًح خشة ٔانخشة الأل نهذ-

 الاشؼح انُخاػيح: خلايا تاسَشيًيح تفصم انسضو ػٍ تؼضٓا انثؼض. -5

انُخاع: يتٕسظ انمطاع ٔيتكٌٕ يٍ خلايا تاسَشيًيح تشغم يسازح كثيشج يٍ   -6

 انمطاع.
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2- Luffa stem 

Not that: 

1- The pith is hollow. 

2- Presence of a broad ring of sclerenchyma 

(pericycle). 

3- There are two rings of vascular bundles of 

which the larger and inner alternate with the 

smaller and outer. 

4- The vascular bundles are bicollateral i.e. two 

group of phloem occur in each bundle, one 

external, the other internal and separated 

from the protoxylem by parenchyma. 

 

 ساق اللوف -1

 -افسص ساق انهٕف ٔلازظ آَا تتًيضتًا يهي:

 اٌ انُخاع يدٕف في يُطمح انٕسظ. -1

 اٌ انثشيسيكم يٕخذ في زهمح انياف يتصهح يغ تؼضٓا انثؼض. -2

تٕخذ انسضو انٕػائيح في زهمتيٍ انخاسخيح يٕخذ تٓا انسضو الاصغش  -3

 ٔتتثادل يؼٓا انسضو انذاخهيح الاكثش.

َثيٍ اي نٓا نسائيٍ نساء خاسخي يفصهّ ػٍ انسضو انٕػائيح راخ اندا -4

 انخشة انكًثيٕو ٔنساء داخهي يفصهّ ػٍ انخشة خلايا تاسَشيًيح.
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B- Monocotyledonous stems 

1- Zea mays (maize) 

Stems of monocotyledons exhibit a large number of 

bundles which frequently appear scattered throughout 

the whole of the ground tissue, so that a definite 

cortex and pith can’t be distinguished. 

The phloem is composed of sieve tubes and companion 

cells, phloem parenchyma is absent. There is no 

cambium between the xylem and the phloem i.e. the 

vascular bundle is closed. The shape of xylem as a 

whole is often roughly that of Y, the stem of which is 

occupied by a radial row of protoxylem vessels, whilst 

the arms are formed by a pair of large metaxylem 

vessels. The phloem tends to be sunken between the 

xylem. The bundles are enveloped in a sheath of fibers.  
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 سيقان ذوات الفلقة الواحدة - ب

 ساق الذرة -2

 -افحص لطاع عرضي في ساق الذرة ولاحظ انه يتكون من الاتي:

 البشرة: صف من الخلايا البرميلية مغطاة بالكيوتين. -1

النسيج الاساسي: غير متميز الي لشرة ونخاع واشعة نخاعية ويتكون من عدة  -2

 لياف تلي البشرة والبالي خلايا بارنشيمية.طبمات من الا

الحزم الوعائية: حزم مغلمة مبعثرة في النسيج الاساسي يزداد حجمها كلما  -3

 اتجهنا للداخل وتتركب كل حزمة من الاتي:

 غلاف الحزمة: نطاق من الالياف يغلف الحزمة. - أ

 اللحاء: يتكون من خلايا غربالية وخلايا مرافمة. - ب

ويكون الخشب  zاو  yالتالي والاولي علي شكل الخشب: يترتب الخشب  - ت

الاولي للداخل ويوجد بعض المصيبات بين وعائي الخشب التالي كما يوجد 

فجوة هوائية بعد الخشب الاول وهي ناتجة معن انمراض احد اوعية 

 الخشب الاول.
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The differences between Dicot and Monocot. stems 
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Anatomy of the root 

a- Dicotyledonous root 

Vicia faba 

Examine and note: 

1- The piliferous layer: one and thick. 

2- Cortex: several layers of parenchyma cells. 

3- Endodermis: signal layer of cells. 

4- Pericycle: one layer of thin walled cells. 

5- The xylem consisting of 4 to 8 radiating strands. 

Note that the smallest xylem elements (protoxylem) 

are situated towards the periphery and the widest 

(metaxylem) towards the centre. 

6- The phloem consists of 4 - 8 strands alternating 

with xylem. Parenchyma cells are found between the 

xylem and phloem. 

7- Medulla: consist of parenchyma. 
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 تششيح الدزوس

 خزوس رواث الفلقتين

 الفول

 -افسص لطاع ػشضي في خزس انفٕل انسذيث ٔلازظ الاتي:

طثمح انشؼيشاخ اندزسيح: صف ٔازذ يٍ خلايا لذ تستطيم يكَٕح شؼيشاخ  -1

ج تشًم يسٕتشخزسيح. ْٔزِ انطثمح لا تهثث اٌ تضٔل نيسم يسهٓا خلايا 

 سٕديشيس.اك

 انمششج: ػذج طثماخ يٍ خلايا تاسَشيًيح. -2

الاَذٔديشيس: صف ٔازذ يٍ خلايا يغهظح ػهي اندذس انداَثيح تًا يسًي  -3

 سشيظ كاسثاس.

 انثشيسيكم: صف ٔازذ يٍ خلايا تاسَشيًيح. -4

انخشة: يتكٌٕ يٍ ارسع فيٓا انخشة الأل نهخاسج ٔػذد ْزِ الارسع لا  -5

 ارسع. 8يضيذ ػٍ 

ل يغ انخشة ػهي اَصاف الطاس اخشي ٔيتكٌٕ يٍ اَاتية انهساء: يتثاد -6

 غشتانيح ٔخلايا يشافمح ٔتاسَشيًح نساء.

 انُخاع: يُطمح صغيشج يكَٕح يٍ خلايا تاسَشيًيح ٔلذ لا تٕخذ. -7
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b- Monocotyledonous roots 

Zea mays (maize) 

Examine and note: 

1- Exodermis: one or more layers (subarised). 

2- Cortex: several layers of parenchyma cells. 

3- Endodermis: one layer of cells with thickening on 

the radial and inner walls (casparian stripe). 

4- Pericycle: complete circle one cells in thickness. 

5- Vascular tissues: consisting of numerous 

alternating strands of xylem and phloem. The 

protoxylem elements are placed towards the 

periphery and the metaxylem towards the centre. 
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 خزوس رواث الفلقت الواحذة-ب

 خزس الزسة

 -انسذيث ٔلازظ الاتي: في خزس انزسج افسص لطاع ػشضي 

مح انشؼيشاخ الاكسٕديشيس: صف أ اكثش يٍ خلايا يسٕتشج تسم يسم طث -1

 اندزسيح.

 انمششج: ػذج طثماخ يٍ خلايا تاسَشيًيح. -2

الاَذٔديشيس: صف ٔازذ يٍ خلايا يغهظح تًادج انهدُيٍ ػهي اندذس انداَثيح  -3

 ٔانمطشيح تًا يسًي ششيظ كاسثاس.

 انثشيسيكم: صف ٔازذ يٍ خلايا تاسَشيًيح. -4

 الاسطٕاَح انٕػائيح: ْٔي تتكٌٕ يٍ: -5

رساع تؼّ ػذد يٍ الأػيح فيٓا انخشة الأل  انخشة: يتكٌٕ يٍ ارسع كم-

 يتدّ َازيح انخاسج ٔيساط انخشة تثشاَشيًح يهدُُح.

 انهساء يتثادل يغ انخشة ٔيتكٌٕ يٍ خلايا غشتانيح ٔخلايا يشافمح. -

 انُخاع: خلايا تاسَشيًيح تشغم يُتصف انمطاع. -6
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The differences between Dicot. and Monocot. roots 

Young dicot. root Monocot. root 

1- Wide cortex 

2- Small number of 

xylem arches (2-8). 

3- Numerous xylem 

vessels in each arch. 

4- Medulla narrow. 

5- Phloem parenchyma 

present. 

6- Casparian strip on the 

lateral walls only 

- Narrow cortex. 

- Large number of xylem 

arches (more than 8). 

- Few xylem vessels in 

each arch. 

- Medulla wide. 

- Phloem parenchyma 

absent. 

- Casparian strip on the 

lateral and radial 

sides. 
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The differences between young root and young stem 

young stem young root 

1- Cortex is narrow and with 

starch sheath. 

2- Pericycle consists of 

parches of sclerenchyma 

fibers opposite the 

bundles. 

3- Vascular bundles are 

collateral, i.e. xylem and 

phloem are on the same 

radius. 

4- Protoxylem is directed 

inwards while the 

metaxylem is directed 

outwards. 

5- Pith is usually wide. 

- Cortex is wide and with 

endodermis. 

- Pericycle consists of one 

layer of thin walled cells. 

 

- Vascular bundles are radial, 

i.e. xylem and phloem are 

on different radius. 

- Protoxylem is directed 

outwards while the 

metaxylem is directed 

inwards 

-  

- Pith is usually narrow. 
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Anatomy of leaf 

1- Dicot. leaf 

Ricinus leaf 

Examine a T.S. in Ricinus leaf to see the following:- 

1- Upper epidermis: one cell thick. Notice the 

absence of stomata. 

2- Mesophyll:   

a- palisade tissue: elongated cells perpendicular to 

the epidermis and full of chloroplasts. 

         b-spongy tissue: parenchyma cells with large 

intercellular spaces  and contain less amount of 

chloroplasts than palisade cells. 

3- Vascular bundles: surrounded by collenchyma and 

parenchyma. Each bundle is formed of xylem and 

phloem and covered from above with pericycle 

(sclerenchyma). 

4- Lower epidermis: similar to upper epidermis except 

the presnt of stomata. 
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 تششيح الوسقت

 وسقت فلقتين -1

 وسقت الخشوع

 -افسص لطاع ػشضي في ٔسلح انخشٔع ٔلازظ الاتي:

ٕس ٔيغطاج انثششج انؼهيا: صف ٔازذ يٍ خلايا يتشاصح لا يٕخذ ػهيٓا ثغ -1

 تانكيٕتيٍ.

انُسيح انؼًادي: صفيٍ يٍ خلايا طٕيهح تسٕي  -انُسيح انٕسطي: يتكٌٕ يٍ أ -2

 تلاستيذاخ خضشاء. 

انُسيح الاسفُدي: خلايا تاسَشيًيح غيش يُتظًح انشكم تيُٓا يسافاخ تيُيح -ب     

 ٔاسؼح ٔتسٕي تلاستيذاخ خضشاء الم.

يٍ تشيسيكم )انياف( ٔنساء  انسضو انٕػائيح: تكٌٕ زهمح ٔكم زضيح تتكٌٕ -3

ٔخشة ٔتساط ْزِ انسضو تخلايا تاسَشيًيح ثى خلايا كٕنُشيًيح تٕخذ اسفم 

 انثششج.

 انثششج انسفهي: تشثّ انثششج انؼهيا ٔنكٍ تٕخذ ثغٕس. -4
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2- Monocotyledonous leaf 

Zea mays 

Examine a T.S. in Zea leaf and notice the following:- 

1- The leaf is bifacial with stomata equally 

distributed on both surfaces. 

2- The mesophyll is not differentiated into palisade 

and spongy cells but composed of one type of cells. 

3- Each vascular bundle is surrounded by a 

sclerenchymatous sheath. 

4- Strands of sclerenchyma occure on both sides of 

the vascular bundle beneath the upper and lower 

epidermis. 

5- The arrangement of the elements of the vascular 

bundle is similar to that of the dicot. leaf, i.e. the 

metxylem is towards the lower epidermis of the 

leaf, while the protoxylem is towards the upper 

epidermis. The phloem lies below the metaxylem. 
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 وسقت فلقت واحذة -3

 وسقت الزسة

 -افسص لطاع ػشضي في ٔسلح انزسج ٔلازظ الاتي:

 انٕسلح نٓا تششج ػهيا ٔسفهي تٕصع ػهيٓا انثغٕس. -1

انُسيح انٕسطي لا يتًيض اني َسيح ػًادي ٔاسفُدي ٔاًَا يتكٌٕ يٍ َٕع  -2

 يٍ انخلايا.ٔازذ 

انسضو انٕػائيح يساطح تغلاف اسكهشاَشيًي كًا في سيماٌ رٔاخ انفهمح انٕازذج  -3

ٔنٓا َفس انتشكية انذاخهي ٔنكُٓا تٕخذ ػهي انثششج انسفهي نهٕسلح في ٔضغ 

 يمهٕب ٔيتصهح تانثششج تٕاسطح خلايا اسكهشاَشيًيح.
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Secondary thickening  

a- Old dicot. stem 

Vitis stem 

Examine a T.S. in an old Vitis stem and notice the following:- 

1- Epidermis: one cell thick covered with cuticle. 

2- Cortex: contains collenchyma in patches followed by 

parenchyma. 

3- Vascular cylinder:  

a-  Pericycle: patches of sclerenchyma. 

b-  Phloem:  

- primary phloem: small compressed elements of 

sieve cells, companion cells and phloem 

parenchyma. 

- Secondary phloem: alternating patches of 

sclerenchyma and sieve tube cells, companion 

cells and phloem parenchyma. 

c-  Cambium: complete ring, comprises fascicular and 

inter fascicular cambium. 

d-  Xylem:  

- Secondary xylem: wide vessels, fibres and xylem 

parenchyma. 
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- Primary xylem: narrow vessels and comprises 

protoxylem and metaxylem. 

e- Medullary rays: comprise the primary medullary rays 

connecting the pith with the cortex and secondary 

medullary rays. 

f-  Pith (medulla): parenchyma cells. 
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 التغلظ الثانوي

 ساق فلقتين - أ

 ساق العنة

 -افسص لطاع ػشضي في ساق ػُة يسٍ ٔلازظ الاتي:

 انثششج: طثمح ٔازذج يغطاج تانكيٕتيٍ. -1

 انمششج: تستٕي ػهي لطغ يٍ انكٕنُشيًح يتثؼٓا تاسَشيًح. -2

 انٕػائيح: الاسطٕاَح -3

 انثشيسيكم: كتم يٍ خلايا اسكهشاَشيًيح تٕخذ فٕق انسضو. - أ

 انهساء:  - ب

انهساء الاتتذائي: طثمح صغيشج يضغٕطح تسٕي اَاتية غشتانيح ٔخلايا  -

 يشافمح ٔتاسَشيًح نساء.

انهساء انثإَي: كتم يٍ الانياف تتثادل يغ خلايا يشافمح ٔاَاتية غشتانيح  -

 ٔتاسَشيًح نساء.

همح كايهح يٍ خلايا يشستيًيح ٔيشًم َٕػاٌ ًْا انكًثيٕو انكًثيٕو: ز - ج

 انسضيي ٔانثيٍ زضيي.

 انخشة:  - د

 انخشة انثإَي:أػيح ٔاسؼح يساطح تانياف ٔتاسَشيًح خشة. -

انخشة الاتتذائي: أػيح صغيشج تسٕي خشة تاني ٔخشة أني يساط  -

 تثاسَشيًح خشة.

يٍ انمششج ٔانُخاع كًا الاشؼح انُخاػيح: يٕخذ اشؼح َخاػيح اتتذائيح تصم ت -ِ 

 يٕخذ اشؼح َخاػيح ثإَيح.

  انُخاع: خلايا تاسَشيًيح. -ٔ 
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b- Old dicot. root 

Gossypium root 

Examine a T.S. in an old Gossypium root and notice the 

following:- 

1- Periderm: more than one layer covering the root. 

2- Cortex: composed of parenchyma. 

3- Phloem: as in old dicot. stem. 

4- Cambium: as in old dicot. stem. 

5- Xylem: 

a- Primary xylem: present in the centre of the root 

and are opposite to the primary medullary rays. 

b- Secondary xylem: as in old dicot. stem. 
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 خزس فلقتين - ب

 خزسالقطن

 -طٍ ٔلازظ الاتي:افسص لطاع ػشضي في خزس انم

 انثشيذيشو: اكثش يٍ صف تغطي انمطاع يٍ انخاسج. -1

 انمششج: خلايا تاسَشيًيح. -2

 انهساء: كًا في ساق فهمتيٍ يسٍ. -3

 كًا في ساق فهمتيٍ يسٍ. انكًثيٕو: -4

 انخشة: -5

انخشة الاتتذائي: يٕخذ في يشكض انمطاع ٔػهي ايتذاد الاشؼح انُخاػيح  - أ

 الاتتذائيح.

 ساق فهمتيٍ يسٍ. انخشة انثإَي: كًا في - ب

 

 

 

 

 

 

 

 

 

 

 


