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The "Typical" Plant Body 
 
The Root System: 
 Underground (usually)   
 Anchor the plant in the soil  
 Absorb water and nutrients  
 Conduct water and nutrients  
 Food Storage  

 
The Shoot System:  
 Above ground (usually)  
 Elevates the plant above the soil  
 Many functions including:  

 photosynthesis  
 reproduction & dispersal  
 food and water conduction  

 
The shoot system includes the leaves and the 
reproductive organs, although these will be 
covered in more detail separately  
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Plant Cells and Tissues 

Within  the  Angiosperms,  there  are  two  plant  groups,  the  Monocots  and       
the   Dicots.  The   distinction   between   these   two   groups  is   not   always   
clear, but some general trends are outlined below: 
  

  Monocots Dicots 

Floral Arrangement 3's 4's and 5's 

Leaf Venation Parallel Net 

Vascular bundles Scattered Ring 

Habit Herbaceous Herbaceous + Woody 

Roots Fibrous Taproot 

Growth Primary only Primary and Secondary 

Examples: Grass, Palm, Orchid Oaks, Roses, Sunflowers 
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Plant Cells and Tissues 
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Plant Cells and Tissues 
Plant cells are formed at meristems, and then develop into cell types which are 
grouped into tissues. Plants have only three tissue types:  

 

 Dermal 

Dermal tissue covers the outer surface of herbaceous plants. Dermal tissue is 
composed of epidermal cells, closely packed cells that secrete a waxy cuticle that 
aids in the prevention of water loss.  

 

 Ground 

The ground tissue comprises the bulk of the primary plant body. Parenchyma, 
collenchyma, and sclerenchyma cells are common in the ground tissue.  

 

 Vascular 

Vascular tissue transports food, water, hormones and minerals within the plant. 
Vascular tissue includes xylem, phloem, parenchyma, and cambium cells.  
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Plant Cells and Tissues 
Plant Tissues can also be classified according to the cell types as: 

 Simple Tissues  

They have the same type of cell through the whole tissue. They can be Parenchyma, 
collenchyma, sclerenchyma, and suber.  

 

 Complex Tissues 

They are formed by two or more different types of cells. They can be Xylem, Phloem 
and Epidermis. 

 

 

They can also be meristems or adult tissues. Meristems have no specific shape and  
cells are constantly dividing (Mitosis). Adult tissues are final and total developed 
tissues formed by permanent cells. 
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Plant Cells and Tissues 

Meristematic Tissue 
 
Meristems – Cell features:  
 
 Undifferentiated cells in constant division 

 
 Thin cellulose walls 

 
 Dense cytoplasm 

 
 Big nuclei 

 
 Presence of protoplastides 

 
 Absence of vacuoles or when present they have a reduced size 

 
 Absence of cellular inclusions 
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Plant Cells and Tissues 
Meristematic Tissue 
 
Meristems - Permanent regions of active cell division.  
 

 Apical Meristems - Found at the tips of roots and shoots.  Increase in length 
as the apical meristems produce new cells (primary growth).  

Primary Meristems: 
 Protoderm  
 Ground Meristem  
 Procambium  
 

 Lateral Meristems - Produce tissues that increase the girth of roots and stems.  
Secondary Growth:  

Vascular Cambium - Produces secondary tissues that function 
primarily in support and conduction.  Thin cylindrical cells.  
Cork Cambium - Lies outside vascular cambium just inside the outer 
bark.  
 

 Grasses and related plants do not have vascular cambium or cork cambium, 
but do have apical meristems in the vicinity of the nodes.  

 Intercalary meristems - Develop at intervals along stems where they add 
to stem length (Mainly in Monocotyledons). 
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Plant Cells and Tissues 
Meristem of Coleus: 

Api = apical meristem; Gr = ground 
meristem; Pd = protoderm; 
Pc = procambium; Ns = New side shoot; 
Bl = Blade 
 
The primary meristems, which arise from the 
apical shoot meristem, lead to the formation of 
the following primary tissues in the stem:  
 The protoderm (Pd) from which the epidermis 
arises  
 The ground meristem (Gr) that forms ground 
tissue  
 The procambium (Pc) from which vascular 
bundles develop in which differentiation between 
xylem (for transport of water from root to leaves) 
and phloem (for transport of sugars) occurs.  
 
In dicots at a more mature stage, cambium that 
will form secondary vascular tissues is generated 
from the procambium.  
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Plant Cells and Tissues 

Simple Tissues produced by Meristems 
 
 Parenchyma - Composed of parenchyma cells. Tend to have large vacuoles and 
many contain various secretions.  
 Aerenchyma - Parenchyma tissue with extensive connected air spaces.  
 Chlorenchyma - Parenchyma cells containing chloroplasts.  
 
 Collenchyma - Contain living cytoplasm and may live an extended time. Provide 
flexible support for organs.  
 
 Sclerenchyma - Cells with thick, tough, secondary walls, normally impregnated 
with lignin.  
 Sclerids - Stone Cells  
 Fibers - Contain Lumen  
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Plant Cells and Tissues 

Conducting tissues of plants 
 
Complex tissues are made up of two or more cell types.  
 Xylem - Chief conducting tissue for water and minerals absorbed by the roots.  

 Vessels - Made of vessel elements.  
                    Long tubes open at each end. 

 Tracheids - Tapered at the ends with pits that allow water passage between 
cells.  
 Rays - Lateral conduction.  
 

 Phloem - Conducts dissolved food materials produced by photosynthesis 
throughout the plant.  

 Sieve Tube Members - Large, cylindrical  
                                            Sieve Plates - Porous region  

 Companion Cells - Narrow, tapered  

 



Simple Tissues : Parenchyma 
 
Parenchyma cells form parenchyma tissue. Parenchyma cells are the most abundant 
of cell types and are found in almost all major parts of higher plants. These cells are 
basically sphere shaped when they are first made. However, these cells have thin 
walls, which flatten at the points of contact when many cells are packed together. 
These cells have large vacuoles and may contain various secretions including starch, 
oils, tannins, and crystals.  
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Simple Tissues : Parenchyma 
 
Some parenchyma cells have many chloroplasts and form the tissues found in 
leaves. This type of tissue is called chlorenchyma. The chief function of this type of 
tissue is photosynthesis, while parenchyma tissues without chloroplasts are 
generally used for food or water storage.  
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Simple Tissues : Parenchyma 
 
Palisade parenchyma cells are elogated 
cells located in many leaves just below 
the epidermal tissue.  
 
 
 
 
Spongy mesophyll cells occur below the 
one or two layers of palisade cells.  
 
 
 
 
 
 
Ray parenchyma cells occur in wood 
rays, the structures that transport 
materials laterally within a woody stem.  
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Simple Tissues : Parenchyma 
 
Parenchyma cells also occur within the xylem and phloem of vascular bundles.  
 
 
 
 
 
 
 
The largest parenchyma cells occur in the pith region, often, as in corn (Zea ) stems, 
being larger than the vascular bundles.  
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Simple Tissues : Parenchyma 
 
Additionally, some groups of cells are loosely packed together with connected air 
spaces, such as in water lilies, this tissue is called aerenchyma tissue. These type of 
cells can also develop irregular extensions of the inner wall which increases overall 
surface area of the plasma membrane and facilitates transferring of dissolved 
substances between adjacent cells.  Parenchyma cells can divide if they are mature, 
and this is vital in repairing damage to plant tissues. Parenchyma cells and tissues 
comprise most of the edible portions of fruit. In many prepared slides they stain 
green. 
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Simple Tissues : Collenchyma 

 

Collenchyma cells form collenchyma 
tissue. These cells have a living 
protoplasm, like parenchyma cells, and 
may also stay alive for a long period of 
time. Their main distinguishing difference 
from parenchyma cells is the increased 
thickness of their walls. In cross section, 
the walls looks uneven. Collenchyma cells 
are found just beneath the epidermis and 
generally they are elongated and their 
walls are pliable in addition to being 
strong. As a plant grows these cells and 
the tissues they form, provide flexible 
support for organs such as leaves and 
flower parts.  
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Simple Tissues : Collenchyma 
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collenchyma: supporting tissue in soft stems and other plant parts, composed 
of elongated living parenchyma cells with unevenly thickened primary walls, 
often bordering veins in dicot leaves.  



Simple Tissues : Collenchyma 

 
Good examples of collenchyma plant cells are the ‘strings’ from celery that get 

stuck in our teeth. 
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Simple Tissues : Collenchyma 
 
Parenchyma X Collenchyma: 
Collenchyma is closely related to parenchyma. 
However, the plastids are not well differentiated in 
collenchyma while they are well differentiated and 
obvious in parenchyma. Collenchyma always occurs 
just beneath the epidermis, while parenchyma occurs 
throughout the plant. Collenchyma cell walls are 
unevenly thickened. When the thickening occurs at the 
corners where cells are joined it is called angular. 
Lamellar collenchyma has thickenings on their 
tangential walls, which are parallel with the surface. 
Lignin is usually not present in collenchyma.  
 
Longitudinal Section through Collenchyma from 
Celery Stained with Toluidine Blue:  
Note the degree of cell elongation compared to the 
Parenchyma cells on the far left side of the picture. The 
thickness of Collenchyma cell walls is also illustrated. 
The pink color indicate the presence of Pectins & 
absence of Lignin. 
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Simple Tissues : Sclerenchyma  
 
Sclerenchyma cells form sclerenchyma tissue. These cells have thick, tough 
secondary walls that are imbedded with lignin. At maturity, most sclerenchyma 
cells are dead and function in structure and support. The primary functions of 
sclerenchyma are support and protection. Sclerenchyma cells can occur in two 
forms.  
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Simple Tissues : Sclerenchyma  
 
Sclereids are sclerenchyma cells that are randomly distributed throughout other 
tissues. Sometimes they are grouped within other tissues in specific zones or 
regions. They are generally as long as they are wide.  An example, would be the 
gritty texture in some types of pears. The grittiness is due to groups of sclereid 
cells. Sclereids are sometimes called stone cells.  
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Simple Tissues : Sclerenchyma  

 
Types of Sclereids: 
 
 Brachysclereids 

 
 Macrosclereids 

 
 Osteosclereids 

 
 Astrosclereids 

 
 Trichosclereids 
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Simple Tissues : Sclerenchyma  
 
Fibers are sometimes found in association with a wide variety of tissues in roots, 
stems, leaves and fruits. Usually fiber cells are much longer than they are wide and 
have a very tiny cavity in the center of the cell. Currently, fibers from over 40 
different plant families are used in the manufacture of textiles, ropes, string and 
canvas goods to name a few. 
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               Fibers and pits                      Lignified fibers                    Agave sisalana 



Simple Tissues : Sclerenchyma  
 

Fibers from Linum usitatissimum 
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Simple Tissues : Comparison  
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Parenchyma X Collenchyma X Sclerenchyma 



Simple Tissues : Suber  
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In woody plants, when the 
cork cambium begins to 
produce new tissues to 
increase the girth of the stem or 
root the epidermis is sloughed 
off and replaced by a periderm.  

The periderm is made of semi-
rectangular and boxlike cork 
cells. This will be the 
outermost layer of bark. These 
cells are dead at 
maturity.  However, before the 
cells die, the protoplasm 
secretes a fatty substance called 
suberin into the cell walls.  

Suberin makes the cork cells 
waterproof and aids in 
protecting tissues beneath the 
bark.   

 



Simple Tissues : Suber  
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There are parts of the cork cambium that produce pockets of loosely packed cork 
cells. These cork cells do not have suberin imbedded in their cell walls. These loose 
areas are extended through the surface of the periderm and are called lenticels.  
 
Lenticels function in gas exchange between the air and the stem interior. At the 
bottom of the deep fissures in tree bark are the lenticels.  

  



Simple Tissues : Suber  
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Suberin is an extremely complex and irregular 
material, like lignin -- with which it shares some 
similarities. Suberin is composed of two 
physically separated domains: the aliphatic and 
phenolic.  



Simple Tissues : Suber  
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Phelogen 

 

Parenchyma 

Suber 

Dead  

Epidermis 



Complex Tissues : Epidermis  
 
 
 

Dr. Fabio Boylan 

The epidermis is also a complex plant tissue, and an interesting one at that. 
Officially, the epidermis is the outermost layer of cells on all plant organs (roots, 
stems, leaves). The epidermis is in direct contact with the environment and 
therefore is subject to environmental conditions and constraints. Generally, the 
epidermis is one cell layer thick, however there are exceptions such as tropical 
plants where the layer may be several cells thick and thus acts as a sponge. The 
outermost layer of the primary plant body is made up of the epidermis. The 
epidermis may include a hypodermis an thus be referred to as a multiple 
epidermis. Epidermal cells may be modified to form stomata, trichomes, bulliform 
cells, lithocysts, silica cells, etc.  



Complex Tissues : Epidermis  
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Generally, the epidermis is one cell layer thick, however there are exceptions such 
as tropical plants where the layer may be several cells thick and thus acts as a 
sponge. The outermost layer of the primary plant body is made up of the 
epidermis. The epidermis may include a hypodermis an thus be refered to as a 
multiple epidermis. Epidermal cells may be modified to form stomata, trichomes, 
bulliform cells, lithocysts, silica cells, etc.  



Complex Tissues : Epidermis  
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Cutin, a fatty substance secreted by most epidermal cells, forms a waxy protective 
layer called the cuticle.  The thickness of the cuticle is one of the main determiners 
of how much water is lost by evaporation. Additionally, at no extra charge, the 
cuticle provides some resistance to bacteria and other disease organisms. Some 
plants, such as the wax palm, produce enough cuticle to have commercial value: 
carnauba wax. Other wax products are used as polishes, candles and even 
phonographic records.  

 

http://upload.wikimedia.org/wikipedia/commons/0/01/Carnauba.jpg


Complex Tissues : Epidermis  
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Epidermal cells are important for increasing absorptive surface area in root hairs. 
Root hairs are essentially tubular extensions of the main root body composed 
entirely of epidermal cells.  



Complex Tissues : Epidermis  
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Leaves are not left out. They have many small pores called stomata that are 
surrounded by pairs of specialized epidermal cells called guard cells. Guard cells 
are unique epidermal cells because they are of a different shape and contain 
chloroplasts.  



Complex Tissues : Epidermis  
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Types of stomata: 

A) Anomocytic type 

The surrounding epidermal cells have no 

special arrangement, they are all similar & 

there are no subsidiary cells, so all the cells 

are normal epidermal cells without any 

modification. 

B) Anisocytic type 

The stomata is surrounded by 3 or more 

subsidiary cells, one of them is distinctly 

smaller that the others. 

C) Diacytic type  

Each stoma is surrounded by 2 or more 

subsidiary cells, 2 of them have their long 

axes parallel to the pore, which means that the 

axes of the subsidiary cells are parallel to the 

axes of the pore. 

D) Paracytic type  

Each stomata is surrounded by 2 subsidiary 

cells having their long axes perpendicular to 

the pore. 

 

  

 

 



Complex Tissues : Epidermis  
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The stoma complex regulates the exchange of gases and water vapor between the 
outside air and the interior of the leaf. Typically, the stomata are more numerous 
over the abaxial (lower) epidermis of the leaf than the (adaxial) upper epidermis. 
An exception is floating leaves where most or all stomata are on the upper surface. 
Vertical leaves, such as those of many grasses, often have roughly equal numbers 
of stomata on both surfaces. The number of stomata varies from about 1,000 to 
over 100,000 per square centimeter of leaf surface.  

http://en.wikipedia.org/wiki/File:Leaf_anatomy.svg


Complex Tissues : Epidermis  
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There are other modified 
epidermal cells that may be 
glands or hairs that repel insects 
or reduce water loss. 



Complex Tissues : Epidermis  
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Different Trichomes 



Complex Tissues : Epidermis  
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In describing the surface appearance of plant organs, such as stems and leaves, 
many terms are used in reference to the presence, form, and appearance of 
trichomes.  
 
The most basic terms used are glabrous—lacking hairs— and pubescent—
having hairs. Details are provided by: 
 glabrous, glabrate – lacking hairs or trichomes; surface smooth  
 hirsute – coarsely hairy  
 hispid – having bristly hairs  
 downy – having an almost wool-like covering of long hairs  
 pilose – pubescent with long, straight, soft, spreading or erect hairs 
 puberulent – minutely pubescent; having fine, short, usually curly, hairs 
 pubescent – bearing hairs or trichomes of any type  
 strigillose – minutely strigose  
 strigose – having straight hairs all pointing in more or less the same direction 
as along a margin or midrib  
 villosulous – minutely villous  
 villous – having long, soft hairs, often curved, but not matted  

 



Complex Tissues : Epidermis  
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Conducting Tissues of Plants 
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Conducting tissues are responsible 
for the nutrient transport in plant 
physiology:  
 
 Xylem - Chief conducting tissue 
for water and minerals absorbed by 
the roots.  

  
 Phloem - Conducts dissolved food 
materials produced by 
photosynthesis throughout the 
plant.  

  



Conducting Tissues: Phloem 
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Phloem is an equally important plant tissue as it also is part of the ‘plumbing’ 
of a plant. Primarily, phloem carries dissolved food substances throughout the 
plant. This conduction system is composed of sieve-tube member and 
companion cells, that are without secondary walls.  The parent cells of the 
vascular cambium produce both xylem and phloem. This usually also includes 
fibers, parenchyma and ray cells.  



Conducting Tissues: Phloem 
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Sieve tubes are formed from sieve-tube members laid end to end. The end 
walls, unlike vessel members in xylem, do not have openings. The end walls, 
however, are full of small pores where cytoplasm extends from cell to cell. 
These porous connections are called sieve plates. In spite of the fact that their 
cytoplasm is actively involved in the conduction of food materials, sieve-tube 
members do not have nuclei at maturity. It is the companion cells that are 
nestled between sieve-tube members that function in some manner bringing 
about the conduction of food.  



Conducting Tissues: Phloem 
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Sieve-tube members that are alive contain a polymer called callose. Callose 
stays in solution as long at the cell contents are under pressure. As a repair 
mechanism, if an insect injures a cell and the pressure drops, the callose will 
precipitate. However, the callose and a phloem protein will be moved through 
the nearest sieve plate where they will for a plug. This prevents further leakage 
of sieve tube contents and the injury is not necessarily fatal to overall plant 
turgor pressure.  



Conducting Tissues: Xylem 
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Xylem is an important plant tissue as it is part of the ‘plumbing’ of a 
plant.  Think of bundles of  pipes running along the main axis of stems and 
roots. It carries water and dissolved substances throughout and consists of a 
combination of parenchyma cells, fibers, vessels, tracheids and ray cells.  



Conducting Tissues: Xylem 
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Long tubes made up of individual cells are the vessels, while vessel members 
are open at each end. Internally, there may be bars of wall material extending 
across the open space. These cells are joined end to end to form long tubes. 
Vessel members and tracheids are dead at maturity. Tracheids have thick 
secondary cell walls and are tapered at the ends. They do not have end 
openings such as the vessels. The tracheids ends overlap with each other, with 
pairs of pits present. The pit pairs allow water to pass from cell to cell.   



Conducting Tissues: Xylem 
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While most conduction in the xylem is up and down, there is some side-to-side 
or lateral conduction via rays. Rays are horizontal rows of long-living 
parenchyma cells that arise out of the vascular cambium. In trees, and other 
woody plants, ray will radiate out from the center of stems and roots and in 
cross-section will look like the spokes of a wheel.  

1 cork; 2 cork cambium; 3 collenchyma; 4 parenchyma; 5 sclerenchyma; 6 
phloem; 7 Vascular cambium; 8 xylem; 9 pith; 10 ray (parenchyma cells).  

http://www.vcbio.science.ru.nl/image-gallery/show/labels/print/PL0122/


Conducting Tissues: Xylem and Phloem 
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Lactiferous System 
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The cells or vessels in which latex is found make up the laticiferous system, 
which forms in two very different ways. In many plants, the  system is formed 
from rows of cells laid down in the meristem of the stem or root. The cell walls 
between these cells are dissolved so that continuous tubes, called latex vessels, 
are formed.  



Lactiferous System 
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This method of formation is found in the poppy 
family, in the rubber trees (Para rubber tree and 
Castilla elastica), and in the Cichorieae, a section 
of the Family Asteraceae distinguished by the 
presence of latex in its members. Dandelion, 
lettuce, hawkweed and salsify are members of 
the Cichorieae. It is also present in another 
member of the Asteraceae, the guayule plant. 



Lactiferous System 
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In the milkweed and spurge families, on the other hand, the laticiferous system is 
formed quite differently. Early in the development of the seedling latex cells 
differentiate, and as the plant grows these latex cells grow into a branching 
system extending throughout the plant. In the mature plant, the entire 
laticiferous system is descended from a single cell or group of cells present in the 
embryo. 



Lactiferous System 
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The laticiferous system is present in all parts of the mature plant, including roots, 
stems, leaves, and sometimes the fruits. It is particularly noticeable in the cortical 
tissues. 


