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What is Plant Physiology?

ÅPlant Physiology is a science that studies plant 
function or what is going on in plants that accounts for 
their being alive.

ɆPlant Physiology as a branch of biological science, 
studies life processes that are often similar or identical 
in many organisms.

ɆThe scope of Plant Physiology as a science is very 
broad, ranging from biophysics and molecular genetics 
to environmental physiology and agronomy.



Some Basic Postulates on Plant Physiology
1. Plant function can ultimately be understood on the basis of the principles of physics and chemistry.

2. Botanists and plant physiologists study members of 4 of the 5 kingdoms of organisms;                      
Monera-prokaryotic organisms with no nucleus,Protista-eukaryotic organisms (single-celled organisms 

like protozoa, some algae), Fungi, and Plantea-most algae and all green plants, true plants.

3. The cell is the fundamental unit of life; all living organisms consist of cells.

4. Eukaryotic cells contain membrane-bound organelles such as chloroplasts, mitochondria, nuclei, and 
vacuoles, whereas prokaryotic cells contain no membrane-bound organelles.

5. Cellsare characterized by special macromolecules, such as starchand cellulose; also as proteinsand 
nucleic acids (RNA and DNA).

6. In multicellular organisms, cells are organized into tissuesand organs.

7. Living organisms are self-generating structures, called development(cell division, enlargement, 

differentiation).

8. Organisms grow and develop within their environments and interact with these environments.

9. In living organisms, as in other machines, structure and function are intimately wedded.





Plant Life

1. Spectacular diversity of plant size and form is familiar to everyone.

2. Plants range in size from less than 1 cm tall to greater than 100 m.

3. Green plants are the ultimate color collectors. They harvest the energy of sunlight by   
converting light energy to chemical energy.

4. Plants are non-motile, but they have ability to grow toward essential resources, such as 
light, water and mineral nutrients.

5. Terrestial plants are structurelly reinforced to support their mass as the grow toward 
sunlight against the pull of gravity.

6. Terrestial plants lose water continously by evaporation and have mechanisms for 
avoiding desiccation.

7. Terrestial plants have mechanisms for moving water and minerals from the soil to the 
sites of photosynthesis and growth by xylem, as well as mechanisms for moving the products 
of photosynthesis to non-photosynthetic organs and tissues by phloem.



Plant Structure
Ɇ1. All seed(flowering) plants

havethe samebasicbody 
plan.

Ɇ2. Vegetativebody is 
composedof three organs: 
Leaf-primary function is 
photosynthesis, also
respiration and
transpiration ; Stem-
supporter; Root-anchorage, 
and absorbwater and
minerals.

Ɇ3. Leavesare attachedto the
stemat nodes, and the
region of the stembetween
two nodesis termed
internode, togetherwith its
leaves, stemis referred to as 
shoot.
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2.
Plant Cell & Structure
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Plant Cell Structure

×Cell is derived from the Latin cella, 
meaning storeroomor chamber, 
first used in biology in 1665by 
English botanist Robert Hook.

×Plants are multicellular organisms 
composed of millions of cells with 
specialized functions.

×All plant cells have the same basic 
eukaryotic organization:

×They containa nucleus, a 
cytoplasm, and subcellular 
organelles, and they are enclosed in 
a membrane.



Cell Wall
ɆEach plant cell is surrounded by a rigid 

cell wall seperating the cytoplasm from 
external environment, also called 
plasmalemma.

ɆPlant cells have two types of walls;

1. Primary cell walls: Composed of thin, 
and young growing cells.

2. Secondarycell walls: Thicker and 
stronger that owe their strength to lignin.

ÅBiological membranes are phospolipid 
bilayers  that contain proteins.

ÅPlasmodesma(Pl. Plasmadesmata) is a 
channel through the cell wall that allows 
molecules and substances to move back 
and forth as needed.



Nucleus
ÅNucleus(pl. Nuclei) is the organelle that contains the 

genetic information responsible for regulating the 
metabolism, growth and differentiation of the cell.

ÅAll these genes and their intervening sequences are 
referred to as nuclear genome.

ɆNucleusis surrounded by a double membrane called 
nuclear envelope.

ɆNucleus is the site of storage and replication of the 
chromosomes, composed of DNA and its associated 
proteins. This DNA-protein complex is known as 
chromatin.

ɆLinear length of DNA within any plant genome is 
usually millions of times greater than the diameter of 
nucleus.

ɆDuring mitosis, the chromatin condenses, followed by 
further folding and packing processes, depend on 

interactions between proteins and nucleic acids.



Microtubules provide 

structure and shape to 

eukaryotic cells.

Centromere is the 

specialized DNA sequence 

of a chromosomethat 

links a pair of sister 

chromatids.

K inetochoreis a disc-

shapedprotein structure 

associated with 

duplicated chromatids in

eukaryotic cells.

Centrosomeis an area in 

the cell where 

microtubules are 

produced.

https://en.wikipedia.org/wiki/Chromosome
https://en.wikipedia.org/wiki/Sister_chromatids
https://en.wikipedia.org/wiki/Protein
https://en.wikipedia.org/wiki/Chromatids
https://en.wikipedia.org/wiki/Eukaryote


EndoplasmicReticulum

ÁER is an elaborate (detailed) network of 
internal membranes.

ÁThere are two types of ER, smoothand
rough.

ÁSectionsof proteins from cells begins with 
rough ER.

ÁGolgi Apparatus

ÁA dynamic structure consistingof oneor
more stacksor three to ten flattened
membranesacs, or cisternae, and irregular
network of tubules and vesicles.

ÁGolgi Apparatus play a key role in the
synthesisand secretionof complex
polysaccharides.



Central Vacuole
ɆMature living plant cells contain 
large, water-filled central 
vacuoles that can occupy 80 to 
90% of total volume of cell.

ɆEach vacuole is surrounded by a 
vacuolar membrane, tonoplast.

ɆVacuole contains waterand 
dissolved inorganic ions, organic 
acids, sugars, enzymes, an a 
variety of secondary metabolites, 
which often play roles in plant 
defense.



Mitochondria

Å Energy-producing organelle, and 
cellular sites of respiration, that is 
a process in which energy 
released sugar metabolism is 
used for synthesis of ATP 
(Adenosine Tri-Phosphate) and 
inorganic phosphate όtΘύ.



Chloroplasts

1.They are also energy-producing organelles.

2. They belong to another group of double 
membrane-enclosed organelles called plastids.

3. Chloroplast membranes are rich in 
glycosylglycerides (Monogalactosyldiglyceride 
(MGDG) and digalactosyldiglyceride (DGDG) 
are two important biomolecules that are 
especially prevalent in chloroplast membranes 
and photosynthetic tissues.A proper ratio of 
MGDG and DGDG is critical for membrane 
function).

4. Chloroplast membranes contain chlorophyll 
and its associated proteins and the sites of 
photosynthesis.

5. Chloroplasts possess a third system of 
membranes called thylakoids. A stack of 
thylakoids forms a granum (pl. Grana).



Chromoplasts & Leucoplasts

ɆChromoplasts : They are plastids that contain high 
concentrations of carotenoid pigments rather than 
chlorophyll. They are one of the causes of yellow, 
orange, or red colors of many fruits and flowers, as well 
as autumn leaves.

ɆLeucoplasts : They are non-pigmented plastids. Most 
important type of leuocoplast isamyloplast, a starch 
storing plastid.



Microbodies
ÅA class of spherical organelles surrounded by 

a single membrane and specialized for one of 
several metabolic functions.

ɆThe two main types of microbodies are 
peroxysomesand glyoxysomes.

ɆPeroxysomesare found in all eukaryotic 
organisms, and they are present in 
photosynthetic cells. They function in removal 
of hydrogens from organic substrates.

ɆGlyoxysomes which is present in oil-storing 
seeds, contain the glyoxylate cycle enzymes, 
help convert stored fatty acids into sugars that 
can be translocated throughout the young 
plant to provide energy for growth.



Oleosomes
× In addition to starchand

protein, many plants synthesize
and store large quantities of 
triacylglycerol( also known as 
triglycerides, are the simplest lipids 
formed by fatty acids. It is made up of 
three fatty acids ester linked to a single 
glycerol. Most triacylglycerolscontain 
two or three different fatty acids. 
Triacylglycerolsare nonpolar, 

hydrophobic, and insoluble in water.)  in 
the form of oil during seed
development.

× Theseoil accumulatein 
oleosomes.



3.
Water & Plant Cells



Structure & Properties of Water
1. Polarity of water molecules(an irregular distribution of electron density.Waterhas a partial negative charge 

near the oxygen atom due the unshared pairs of electrons, and partial positive charges near the hydrogen atoms) 
gives rise to hydrogen bonds. 

2. Water molecule consists of an oxygen atom covalently (eĸdeĵerlikli) bonded to two hydrogen 
atoms. Two O-H bonds form an angle of 105Á.

3. Polarity of water makes it an excellent solvent. It dissolves greater amounts of a wider 
variety of substances than do other related solvents.

4. Thermal properties of water result from hydrogen bonding. Extensive hydrogen bonding 
between water molecules results in unusual thermal properties.

5. Cohesiveand adhesive properties of water are also due to hydrogen bonding. Extensive 
hydrogen bonding in water give rise to a mutual attraction between molecules known as
cohesion, and adhesionis the attraction of water to a solid phase such as a cell wall or 
glasssurface.

6. Water has a high tensile strength. Cohesion gives water a high tensile strength, defined as 
the maximum force per unit area that a continuous column of water can withstand before 
breaking.



Structure of Water Molecules



Water Transport Process- Diffusion

ɆWater molecules in a solution are not static; they 
are in continuous motion, colliding with one 
another and exchanging kinetic energy. 

ɆMolecules intermingle as a result of their random 
thermal agitation that is called Diffusion. 

ɆDiffusion is rapid over short distances but 
extremely slowover long distances.





Water Transport Process-Osmosis

ɆMembranes of plant cells are selectively permeable (semipermeable) that means they 
allow the movement of water and other small uncharged substances across them more 
readily than the movement of larger solutes and charged substances (Stein 1986).   
This type of molecular diffusion is called as osmosis.







ÁThe soil water 

can only be 

extracted by 

expending 

energy.

ÁSoil water 

potential 

expresses how 

much energyis

needed to expend 

to pull that water 

out of the soil 

sample



Water Balance of Plants ïWater in Soil

ÅWater content and rate of water movement in soils dependto on  soil type and 
soil structure.

ɆIn sandy soils, spaces between particles (one mm or more in diameter) are so large 
that water tends to drain from them and remain only on the particle surfaces 
and interstices (gap) betweenparticles.

ɆIn clay soils, the channels are small enough that water does not freely drain 
from them; it is hold more tightly.

ɆWater Holding Capacity (WHC) of soils is called field capacity that is water 
content of a soil after saturation with water.



WHC of Soil Types (incheswater/foot of soil)



Water Balance of Plants ïWater Absorption by Roots
ɆIntimate (close) contactbetween the surface of the root and soil is essential for 
effective water absorption by the root.

ɆRoot hairs are microscopic extension of root epidermal cells that greatly increase 
the surface area of the root, providing greater capacity for absorption of ions 
and water from the soil.

ɆWater moves in the root via the following pathways;

-Apoplast Pathway: Water moves exclusively through the cell wall without 
crossing any membranes.

-Transmembrane Pathway:  Water enters the cell on one side, exists the cell on 
the other side, enters the next in the series.

-Symplast Pathway: Water travels from one cell to the next via plasmodesmata.



Water Absorption by Roots



Water Transport Through the Xylem - 1

Xylemconsists of two types of
tracheary elements:

- Tracheids: They are present in both 
angiospermsand gymnosperms, as well as 
in ferns and other groups of vascular 
plants. Shape is elongated, spindle-shaped 
cells. Water flows between tracheids by 
means of numerous pits in their lateral 
walls.

- Vessel elements: They are found only 
in angiosperms, and a small group of 
gymnosperms (Gnetales). They are shorter 
and wider than tracheids with perforated 
end walls that form a perforation plate. 
Vessels also have pits on their lateral walls.



Water Transport Through the Xylem - 2

ɆWater movement through the xylem requires less pressure than 
movement through living cells.

Ɇ2 MPa pressure difference is needed to lift water 100 m to treetop.

ɆCohesion-Tension Theoryexplains water transport in the xylem.        
So, water at the top of a tree develops a large tension ( a negative hydrostatic 

pressure), and this tension pulls water through the xylem. This mechanism is 

called the Cohesion-TensionTheoryof sap ascent.

ÅPlantsminimize the consequences of xylem cavitation (s¿rt¿nme).

ÅWater evaporation in the leaf generates a negative pressure in the xylem.



Water Movement from Leaf to Atmosphere-1

ɆOnly about 5% of the water loss from 
leaves escapes through the cuticle, that 
means almost all of the water loss 
from leaves occures by diffusions of 
water vapor through the tiny (very 

small) pores of stomatal apparatus into 
the air spaces of the leaf, calledas 
Transpiration .

ɆWater vapor diffuses quickly in air. 





Water Movement from Leaf to Atmosphere-2
Å Cell walls of Guard Cellshave 

specialized features. Guard cells are a 
pair of specialized epidermal cells which 
surround the stomatal pore that control 
the stomatal pore.

Å An increase in guard cell turgor 
pressure opens the stomata.

Å As water enters the guard cells, turgor 
pressure increases. 

Å Because of the elastic properties of their 
walls, guard cells can  reversibly 
increase their volume by 40 to 100%.

Å Such changes in cell volume lead to 
opening or closing of the stomatal pore.


