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Introduction
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Kingdom _
Plantae (plants)
+ 275,000 species

Phylum

Tracheothta
(vascular plants)
+ 250.000 species

Class
Angiospermae
(flowering plants)
+ 235,000 species

Order

Rosales

(roses and their allies)
+18.000 species

Family

@ t3500species

Rosa
+500 s_pedes-_

Species
Rosa gallica
NMoss rose




GENOMIC
Taxonomy

Snalis and Bivalves
Worms and Lesches

Sponges
Corals and Ansmones

Arachnids

Halophies v A Phylogenetic
Tree of Life

Homworts

v . Animals g
Viruses Bacteria § Archaea Eukaryota-| :

— Plants (Solanum meiongena + Baciius thurningiensss)
Living or nondiving? A Transgenic Entity-

NN T GMO Eggpiant
A Note . Clasaifyng plants will become

even more diicult with the introduction of

Today, “plants” make up only a branch of the Eukaryota domain. In
regard to fruits and vegetables, we are only interested in the limb
called “flowering plants.”
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What Is Plant Physiology?

A Plant Physiologyis a science that studies plant
function or what is going on in plants that accounts for
their being alive.

ZPlant Physiologyas a branch of biological science,
studies life processes that are often similar or identical
IN many organisms.

ZThe scope oPlant Physiologyas 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 the 5 kingdoms of organisms
Monera-prokaryotic organisms with no nucleusProtista-eukaryotic organisms(single-celled organisms
like protozoa, some algaef;ungi, and Planteamost algae and all green plants, true plants.

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

4. Eukaryotic cellscontain membranebound organelles such ashloroplasts, mitochondria, nucleand
vacuoles whereasprokaryotic cells contain nomembranebound organelles

5. Cellsare characterized by special macromolecules, such stmrchand cellulose also asproteinsand
nucleic acidsRNA and DNA.

6. In multicellular organisms, cellsare organized intotissuesand organs.

7. Living organisms are selfgenerating structures, calleddevelopment(cell division enlargement,
differentiation).

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

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




Prokaryotic

no nucleus

no membrane enclosed organelles
single chromosome

no streaming in the cytoplasm
cell divisionwithout mitosis
simple flagella

smaller ribosomes

simple cytoskeleton

no cellulose in cell walls

no histone proteins

Eukarvotic

nucleus

membrane enclosed organelle
chromosomes in pairs
streaming in the cytoplasm
cell division by mitosis
complex flagella

larger ribosomes

complex cytoskeleton
cellulose in cell walls

DNA bound to histone proteins




Plant Life

1. Spectacular diversity ofplant sizeand form is familiar to everyone.
2. Plants range in size from less thad cm tall to greater than 100 m.

3. Green plantsare the ultimate colorcollectors They harvest the energy of sunlight by
converting light energy to chemical energy.

4. Plants are nonmotile, 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 growtby xylem as well as mechanisms for moving the products
of photosynthesis to nomphotosynthetic organs and tissueby phloem




Plant Structure

Z1.All seed(flowerin lants e
havethe sagmebasicgt))opdy =
plan. Node

Internode

¢ 2. Vegetativebody is SN\
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2

Plant Cell & Structure




Comparison:
Plant cells Animal cells

Q Large, central vacuole O No large, central vacuole
O Chloroplasts O No chloroplasts
O Rigid cell wall outside O No rigid cell wall

of cell membrane




Plant Cell Types

1. Parenchyma

primary walls thin and flexible;
no secondary walls; large
central vacuole; most metabolic
functions of plant (chloroplasts)

2. Collenchyma

unevenly thick primary walls
used for plant support (no
secondary walls ; no lignin)

3. Sclerenchyma

support element strengthened

by secondary cell walls with

lignin (may be dead; xylem

cells); fibers and sclereids for (c) Fibercells

S u p p 0 rt Copyright © Pearson Education, Inc., publishing as Benjamin Cummings




Continuedé

Table 1.2. Plant cell types and their function.

(A) Parenchyma cells Parenchyma celis Primary cell walls (B) Collenchyma cells

Cell type Function(s)

Parenchyma Storage of cellular metabolites
Capable of meristematic
activity
Collenchyma Provide support
Capable of meristematic
activity
Sclerenchyma Provide support
(sclereids and fibers)
Tracheids Lateral water and solute
transport in xylem
Vessel elements Lateral and longitudinal water
and solute transport in
xylem
Sieve elements Transport of photosynthetic
products
Companion cells Provide energy to sieve
elements for transport

(C) Fibers Sclereids Secondary cell walls

(E) Tracheids Tracheids (G) Sieve tube elements

|/ >
Vessel Secondary 20HM  Sieve £ Sieve tube Companion 12 HM

elements cell walls plate element cell




Plant Cell Structure

Cell is derived from the Latin cella,
meaningstoreroom or chamber,
first used in biology in 1665by
English botanistRobert 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 Iin
a membrane

cytoplasm
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>

) = / nuclear

L A
- (/
'«0.

peroxisome
vesicle

chloroplast
ribosomes

<. 22 rough

) ‘ endoplasmic reticulum
\ g \ smooth

% ' : = 2N\ endoplasmic reticulum

[ —
nucleoplasm

" nucleolus
L=

nuclear
envelope

pore _

& \cell wall
plasmodesma

cell membrane

Golgi apparatus




Cell Wall

ZEach plant cell is surrounded by a rigid .w/
cell wall seperating the cytoplasm from
external environment, also called
plasmalemma

ZPlant 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.

of two
adjacent
plant cells

Plasmodesmata

ABiological membranes arephospolipid ~ Pime cellwal

bilayers that contain proteins. Secondary cell wall
APlasmodesmgPl. Plasmadesmatais a

channel through the cell wall that allows %/©Pas™

molecules and substances to move bacl
and forth as needed. Plasma membrane




Nucleus

A Nucleus(pl. Nuclei) is the organelle that contains the
genetic information responsible for regulating the
metabolism, growth and differentiation ofthe cell.

A All these genes and their intervening sequences are
referred to asnuclear genome

Z Nucleusis surrounded by a double membrane called
nuclear envelope

Z Nucleusis the site of storage and replication of the
chromosomescomposed oDNA and its associated
proteins. This DNA-protein complexis known as
chromatin.

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

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

Interactions between proteins and nucleic acids

The Cell Nucleus

Chromatin

Nucleoplasm
Muiclsiie Ou‘ter membrane

Inner
membrane

Perinuclear

ONA ~ Space

(Chromatin)' = Outer
membrane

Nuclear pores

Ribosomes

Cytoplasm




INTERPHASE

Two Plasma
centrosomes membrane
(\ga

Chromatin Ndclear
envelope

MITOSIS

S ophuse > Promelaphase > Meluphuse ) hnaphuse — lkphve an ki

Prophase

Microtubules forming
mitotic spindle
Chromosome

"\, consisting of
\two sister

~ |envelope

[The nudleus replicatesl

its DNA.

The chromatin coils to form
chromosomes,

Spindle poles

Fragments
of nuclear kineto-

chores

Metaphase plate

Daughter
chromosomes

Nuclear
envelope  Chromosomes
forming  decondensing

Plane of constriction

Microtubules provide
structure and shape to
eukaryotic cells
Centromereis the
specialized DNA sequence
of achromosomethat
links a pair of sister
chromatids.

The nuclear envelope breaks
down. Microtubules connect
the kinetochores to the
centrosomes.

The microtubules line up
the chromosomes at the
cell’s equator,

The chromatids separate, and
the new chromosomes (each
derived from one chromatid)
move toward the poles.

 The separating chromosomes|

reach the poles. The nuclear
envelopes re-form and the
chromatin decondenses.
(ytokinesis begins as the
plane of constriction forms,

Plant Cells

Figure 9-5 Discover Biology 3/e
©2006 W.W.Norton & Company, Inc.

Kinetochoreis a disc
shapedprotein structure
associated with
duplicated chromatids in
eukaryotic cells
Centrosomeis an area in
the cell where
microtubules are
produced.
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EndoplasmicReticulum

Rough endoplasmic reticulum Nucleus
el

AER is an elaborate(detailed)network of
Internal membranes

AThere are two types ofER, smoothand
rough.

A Sectionsof proteins from cells begins with
rough ER

AGolgl Apparatus
AA dynamic structure consistingof oneor B L Ribosomes
more stacksor three to ten flattened \Sm“th endoplasmic reticulum

membrane sacs or cisternag and irregular .
. ecretory vesicle
network of tubules and vesicles ' e

Nuclear pore

: R Lysosome
AGolgi Apparatus play a key role in the Gl
synthesisand secretionof complex
polysaccharides

——= Plasma membrane




Central Vacuole

ZMature living plant cells contain
large, waterfilled central
vacuolesthat can occupy80to
90% of total volume of cell.

ZEach vacuole is surrounded by a

vacuolar membrane,tonoplast.

ZVacuolecontainswaterand
dissolved inorganic ionsorganic
acids, sugars, enzymesn a
variety of secondary metabolites
which often play roles inplant
defense

Nucleolus

Nucleus

Rough endoplasmic
reticulum

Smooth endoplasmic
reticulum

Golgi apparatus

Mitochondria

Ribosomes

Plant Cell

Peroxisome
Central vacuole
Chloroplasts
Cytosol
Cytoskeleton

Cell membrane

Cell wall | 14




Mitochondria Mitochondrion

Cristae

A Energyproducing organelle, and  !ntermembrane W—
cellular sites of respiration, that is Granifes
a process in which energy
released sugar metabolism is Outer
used for synthesis oATP membrane
(AdenosineTri-Phosphate)and et @
inorganic phosphated t.© 0

ATP synthase Matrix
particles




Chloroplasts

1.They are also energyproducing organelles.

2. They belong to another group of double
membrane-enclosed organelles calleplastids. S
Has appropriate enzymes and a

3. ChloroplaSt membranes are rich in suitable pH for the Calvin cycle

glycosylglyceridegMonogalactosyldiglyceride s

(MGDG) and dlgaIaCtOSyldlglycende (DGDG) Evidgr?:ebflgrn::?oz;ar:;iosis Has ETC and ATP synthase
are two important biomolecules that are (independent origin) for photophosphorylation
especially prevalent in chloroplast membranes A s e

and photosynthetic tissued. proper ratio of
MGDG and DGDG is critical for membrane
function).

4. Chloroplast membranes containchlorophyll
and its associated proteins and thsites of e
P hoto Synth esis Connects and separates

thylakoid stacks (grana)
5. Chloroplasts possess a third system of
membranes calledhylakoids A stack of
thylakoids forms agranum (pl. Grana).




Chromoplasts & Leucoplasts

#Chromoplasts They are plastids that contain high
concentrations ofcarotenoid pigmentgather than
chlorophyll. They are one of the causes ptllow,
orange orred colors of many fruits and flowers, as well
as autumn leaves.

ZLeucoplasts They are nompigmented plastids. Most
Important type of leuocoplast immyloplast a starch
storing plastid.




Microbodies

AA class ofspherical organellessurrounded by

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

Z The two main types of microbodiesare
peroxysomesand glyoxysomes

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

# Glyoxysomeswhich is present inoil-storing
seedscontain theglyoxylate cycle enzymes
help convert stored fatty acids into sugatisat
can be translocated throughout the young
plant to provide energy for growth.




Oleosomes

x In addition to starchand e e
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. Mosttriacylglycerolscontain
two or three different fatty acids.
Triacylglycerolsare nonpolar,

hydrophobic, and insoluble in water.IN RRNEE o
the form of oll during seed ylated Membrane
development M nsport Proteins

Theseoll accumulatein
oleosomes




3.
Water & Plant Cells




Structure & Properties of Water

Polarity of water moleculeSanirregular distribution of electron densityVaterhas a partial negative charge
near the oxygen atom due the unshared pairs of electrons, and partial positive charges near the hydrogen ato

gives rise to hydrogen bonds.

Water moleculeconsists of an oxygen atom covalentlye k d e j kondediko twp hydrogen
atoms. Two OH bonds form anangle of 10%

Polarity of water makes itan excellent solventit dissolves greater amounts of a wider
variety of substances than do otherelated solvents

Thermal properties of waterresult from hydrogen bonding. Extensive hydrogen bonding
between water molecules results in unusuéhermal properties.

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

Water has a high tensile strengthCohesion 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

Net negative charge

Attraction of bonding

electrons to the oxygen

creates local negative .

and positive partial charges }

Hydrogen
bond

Net positive charge

FIGURE 3.3 Diagram of the water molecule. The two
intramolecular hydrogen—-oxygen bonds form an angle of
105°. The opposite partial charges (6—and 6+) on the water
molecule lead to the formation of intermolecular hydrogen
bonds with other water molecules. Oxygen has sixl):elec-
trons in the outer orbitals; each hydrogen has one.

Copyright © Pearson Ei




Water Transport Process Diffusion

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

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

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




Diffusion

i N
Diffusion is the passive movement of particles from a

high concentration of particles to a lower

& concentration until they are spread out evenly
.

- ® Solution
& e ® @

Smell Particles & Air Smell Particles diffused
Particles evenly into the Air Particles




Water Transport ProcessOsmosis

ZMembranes of plant cells are selectively permeablsemipermeablethat means they
allow the movement of water and other small uncharged substances across them mc
readily than the movement of larger solutes and charged substancEstein 1986).

This type of molecular diffusion is called a®smosis

Osmosis in Plant Cells

Low water Equal water High water

concentration outside concentrations inside concentration outside
the cell the cell

Plasmolyzed Flaccid

(ie concentrated (ie equal solute (ie pure water or
solution outside) concentrations dilute solution
inside & out) outside)




High Low
Concentration Concentration

OSMOSIS
Water Molecules

Semipermeable Membrane

High Low
DIFFUSION Concentration Concentration

Air Molecules




Differences between Diffusion,
Osmosis and Active transport

Process

Movement
of

Condition

Additional
requirements

Diffusion

Molecules/
ions

High conc.
to low conc.

Down a conc.
gradient

Osmosis

Water
molecules

High water
potential to
low water
potential

Across a partially
permeable
membrane

Active
transport

Particles of
substances

Low conc. to
high conc.

Against a conc.
Gradient;

Energy required




The effect of decreasing soil water potential on physiology

[abscisic acid]
[solute]
photosynthesis
stomatal opening
protein synthesis
wall synthesis
cell expansion

wa!l—watared stress drnught

dasart

0 05 4 15 -2 -25 -3
Water Potential (MPa)

35 -4

A The soil water
can only be
extracted by
expending
energy.

A Soil water
potential
expresses how
much energyis
neecedto expend
to pull that water
out of the sall
sample




Water Balance of Plantsi Water in Soll

AWater content and rate of water movement in soilslependto on soll typeand
soll structure

ZIn sandy sollsspaces between particle®@ne mm or more in diametgiare so large
that water tends to drain from them and remain only on the particle surfaces
and interstices (gap betweenparticles.

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

ZWater Holding Capacity (WHC)f soils is calledfield capacitythat is water
content of a solil after saturation with water.




WHC of Soll Types (incheswaten’foot of soil)
Capaclty pomt water

Fme sand

Sandy loam

Clay Ioam

Self-mulching 45 2 5 2.0
clay




Water Balance of Plantsi Water Absorption by Root

ZIntimate (close)contactbetween the surface of the root and soll is essential for
effective water absorption by the root.

ZRoot hairsare microscopic extension of root epidermal cells that greatly increas
the surface area of the root, providing greater capacity for absorption of ions
and water from the soill.

ZWater moves in the root viathe following pathways

-Apoplast PathwayWater moves exclusively through the cell wall without
crossing any membranes.

-Transmembrane PathwayWater enters the cell on one side, exists the cell on
the other side, enters the next in the series.

-Symplast PathwayWater travels from one cell to the next vigplasmodesmata




Water Absorption by Roots

* How is water absorbed by the roots?
Absorption of water by roots y

soil particles

Root hair cell has , Y
Large surface area : volume ratio for efficient absorption , CRRNBEIC s 777 | - LB icter

water
entering
root hair

\)
4, A |
""lumm\“‘ . ‘ | ' hlgher
. concentration concentration

of water of water

Epidermal layer and root hair cell molecules  Molecules

- Piliferous layer
Young Dicotyledonous Root  =p)




Water Transport Through the Xylem - 1

Xylemconsists of two types of i Vessel element
tracheary elements " | '

- Trachelds They are present in both
angiospermsand gymnosperms as well as
In ferns and other groups of vascular
plants. Shape Is elongated, spindighaped

cells. Water flows between tracheids by
means of numerous pits in their lateral
walls.

- Vessel elementShey 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 aperforation plate
Vessels also have pits on their lateral walls Trcleids: © . John D, Canningham,/Viuals Unlimite, I

Vessel elements: © . Robert Waaland / Biological Photo Service.




Water Transport Through the Xylem - 2

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

72 MPa pressure difference is needed to lift wate100 mto treetop.

ZCohesion-Tension Theoryexplains water transport in the xylem.
So water at the top of a tree develops a large tensiqgra negative hydrostatic

pressurg, and this tension pulls water through the xylem. This mechanism is
calledthe CohesionTensionTheoryof sap ascent.

APlants minimize the consequences of xylem cavitatiqns ¢ r t ¢ n me) .
AWater evaporation in the leaf generates a negative pressure in the xylem.




Water Movement from Leaf to Atmospherel

7ZOnly about 5% of the water loss from
leavesescapes through the cuticle, tha
means almost all of the water loss it ]
from leaves occures by diffusions of ™
water vapor through the tiny (very
small) pores of stomatal apparatus into
the air spaces ofhe leaf, calledas
Transpiration .

epidermis {

HZO Stoma HZO

Soil particles ~ Root epidermis Root cortex

ZWater vapor diffuses quickly in air.

(CEEH




Types of Transpiration

: :

Stomatal — from leaves Cuticular — through Lenticular — from lenticels
through stomata cuticle of leaf (minute openings on the stem)

Stomatal Transpiration :

« Stomata are natural epidermal openings present on lower surface of leaf in dicots
(rose, banyan) and on both surface in monocots (maize, grass)

« About 80 — 90% transpiration is through stomata

+ Stomatal pores are guarded by two kidney-shaped cells called guard cells

+ In daytime, stoma is open for intake of carbon dioxide

« Water vapor moves through stomata of leaf through veins

Water absorbed\ Surface of Vapour
by roots reaches\ cells gives formed

Diffuses, C
S reaches tﬁcapehs
saturates in ) o 7L ) throug

intercelluar space stomata

Water

mesophyll cells t water in
Py ont A Evaporates

in the surface of | the form of
leaves thin flim spaces

« Absence of stomata in submerged hydrophytes — hydrilla, vallisneria




Water Movement from Leaf to Atmosphere?2

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.

An increase in guard cell turgor
pressure opens the stomata.

As water enters the guard cells, turgor
pressure increases.

Because of the elastic properties of their
walls, guard cells can reversibly
Increase their volumeby 40to 100%.

Such changes in cell volume lead to
opening or closing ofthe stomatal pore.




