HL IB Biology II: Plant Science – Topic 9
I. Kingdom Plantae
a. Non-vascular plants (bryophytes)

i. Lack vascular tissue – no xylem and phloem

ii. Simple tissues or organs

iii. Asexual reproduction

iv. Examples: mosses & liverworts
v. Uses:

1. holds moisture in soil

2. used in diapers

b. Vascular Plants (tracheophytes)

i. Have vascular tissue – xylem and phloem

1. xylem – transports water, minerals, & elements from the roots upward to the plant through cohesion 
a. lignified for support – durable, tough, & strong
b. contains no cytoplasm

c. empty cells

2. phloem – transports carbohydrates (sucrose) and amino acids in source to sink
a. sources – photosynthetic tissue & storage organs

ii. Complex tissues & organs

iii. Primary growth 
1.  Elongation
2. Apical Meristem - growing tip, is a completely undifferentiated tissue found in the buds and growing tips of roots in plants
3. Auxin – is a plant hormone which plays an essential role in coordination of many growth and behavioral processes in the plant life cycle (stimulates enlongation)
4. Phototropism - directional growth in which the direction of growth is determined by the direction of the light source
iv. Secondary growth (lateral growth)

1. Lateral Meristems 
v. Seedless (Filicinophytes) – ferns (no seeds)
vi. Seed plants – spermatophytes

1. Contain seeds = embryo + food + seed coat (dormant structure)

2. Have pollen – male gametes

3. secondary growth (lateral meristem)
a. Gymnosperms

i. Naked seeds – not enclosed in anything

b. Angiosperms

i. Enclosed seeds (fruit)

ii. Produces flowers
II. Seedless Vascular Plants (ferns)

a. Vascular tissue – primitive xylem and phloem

b. Have true roots, stems, leaves – organs with vascular tissue in them

i. roots: 

1. absorb elements and water

2. anchorage

ii. stems:
1. transporting things between leaves & roots (up & down)
2. vertical support of leaves

iii. leaves:

1. photosynthesis

2. internode – space btw leaves 

III. Gymnosperms (Coniferophytes) 

a. Characteristics 

i. Evergreen : don’t drop leaves

ii. Perennial: around more than 2 years

iii. Have female and male strobilus (cones)
1. microstrobilus – pollen cone which contain spores = male cones

a. extending out of modified leaves
2. megastrobilus – seed or ovulate cone = female cones

a. on top of modified leaves
b. contains ovules within, when fertilized by pollen, become seeds
iv. Pollination occurs mostly by wind 

v. Primitive vascular tissue

vi. Leaf types include large in size & more than one vein (megaphyll)
1. needle like

a. single vs. fascicle (bundle)

2. scale-like

vii. Stems

1. long shoot – long internodes

2. short shoot – no internodes

IV. Angiosperms (Angiosperophytes = Flowering Plants)

a. Characteristics

i. Vascular tissue- advanced xylem & phloem

ii. Annual, biennial, perennial

iii. Secondary growth common (gives wood tissue – DERMAL TISSUE)
iv. Flowers replace cones

v. Pollination ( Fertilization ( Seed dispersal

vi. Pollination – process by which pollen (contains male sex cells) is placed on the female stigma

1. Self-pollination – pollen from the anther of the same plant falls onto its own stigma

a. Inbreeding

b. Results in less genetic variation within a species

2. Cross-pollination – pollen is carried from the anther of one plant to the stigma of another plant

a. Increases variation

b. Can result in offspring with better fitness
c. There is a decrease chance that the stigma will not receive the pollen b/c of the distance

vii. Location  - most abundant & dominant in ecosystems
b. Flower parts

i. Sepal

1. first whorl

2. fxn: protect young flower bud

ii. Petal

1. second whorl

2. fxn: attract pollinators

a. red flowers are conspicuous to birds

b. yellow & orange flowers are noticed by bees

c. heavily scented flowers are easily found by nocturnal animals

d. plants that rely on wind as their pollen vector have odorless flowers

iii. Stamen

1. third whorl – male gamete (pollen)
2. anther = top part

3. filament = bottom
4. pollination – transfer of pollen from anther to stigma

iv. Pistil

1. forth whorl

2. female parts

3. stigma, style, ovule, ovary

4. simple pistil = one cavity/chamber (locule) & one carpel

5. compound pistil = ovary is compartmentalized & more than one cavity (locule)

6. Fertilization – fusion of pollen with a female gamete (ovule) 

a. Pollen germinates to produce a pollen tube

b. Pollen tube grows down the style of the carpel

c. Within the growing pollen tube is the nucleus that will produce the sperm

d. The pollen tube completes its growth by entering an opening at the bottom of the ovary

e. The sperm moves from the tube to combine with the egg of the ovule to form a zygote

7. pollination does NOT always lead to fertilization
8. Seed dispersal – once fertilized the fused ovule develops into a seed

9. then seed is contained into a fruit which facilitates seed dispersal

c. Flowering control

i. Long-day plants – bloom when days are longest & nights shortest (midsummer)

1. ex: radishes, spinach, & lettuce

ii. Short-day plants – bloom in spring, late summer, & autumn when days are shorter

1. ex: poinsettas

iii. Day-neutral plants – flower without regard to day length

1. ex: roses, dandelions, & tomatoes

d. Seed Structure – (embryo parts)
i. Fxn: germination

ii. Cotylendens

1. seed leaf (not true leaf)

2. fxn: provides food to embryo when growing

3. has stored food already & does photosynthesis

4. Two types

a. Monocots = one cotyledon

b. Dicots = two cotyledens

iii. Radicle

1. grows into the primary root
2. root cap fxn: protection of meristem parts

3. root apical meristem fxn: where it grows (mitosis)

iv. Shoot region (meristem part)

1. epicotyle

a. parts above where cotyledens attach
b. grows into shoot

2. hypocotyle

i. part below where cotyledens attach
ii. connects the epicotyle and the radicle
v. Endosperm (non-embryo) – functions in food storage
vi. Seed coat – functions in protection
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vii. Germination

1. Conditions needed: water, carbon dioxide, temperature, & light

2. Metabolic events: 


a. Absorption of water precedes the formation of gibberellin (plant growth hormone) in the cotyledon

b. This stimulates the production of amylase, which catalyses the breakdown of starch (in seed’s endosperm) to maltose
c. Maltose is then further hydrolysed into glucose that can be used for cellular respiration (energy for cell) or may be converted into cellulose (for cell wall) by condensation reactions

V. Tissues 

a. Systems

i. Dermal tissue – out covering

ii. Vascular tissue – xylem & phloem veins (transporting)

iii. Ground tissue – basic fxns include storage, photosynthesis, respiration, gas exchange

b. Roots

i. Functions

1. Absorption = uptake of elements and minerals through active transport by integral proteins (root tip and hairs)
a. Transport of minerals into the plant will create a concentration gradient 

b. Water will then move in due to the concentration gradient = osmosis
2. Anchorage = holds plant in place – older roots

3. Storage = food reserve

4. Transport = enables movement of substances up through the plant

a. Symplastic pathway – through cells

b. Apoplastic pathway – between cells
ii. Root system: 

1. X-section of a dicot root

a. Epidermis

b. Cortex

c. Primary phloem 

d. Primary xylem
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2. root cap = protects meristem cells

3. zone of cell division (meristematic zone)
a. apical meristem – inner layer
b. primary meristem – outer layer
4. zone of elongation
a. cells grow in length & diameter 
5. zone of maturation (differentiation)

a. cells will specialize & mature & formation of root hairs

6. Surface area - root systems provide an increase of surface area to increase water and mineral absorption

a. root hairs – small extensions
b. branching of roots

c. Cortex cell walls

7. Modified roots – The roots, or parts of roots, become specialized to serve adaptive purposes besides primary functions
a. Taproot –when the main root growing downward, the primary root, grows much larger than the secondary roots  (ex: carrot)
b. Storage roots – stores plant food in the form of starchy carbohydrate (ex: horseradish)
c. Tuberous roots - A portion of a root swells for food or water storage (ex: sweet potato)
c. Stems

i. X-section of a Dicot stem

1. epidermis

2. vascular bundles

3. primary xylem

4. primary phloem

5. pith
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ii. Fxn: 

1. support of leaves for photosynthesis
2. support plant by means of thickened cellulose, cells turgor pressure, and xylem (terrestrial plants)

3. transport carbohydrates from leaf down

4. transport water & elements from the roots up

5. if green = photosynthesis

iii. Stem parts – 
1. Nodes - hold the buds which grow into one or more leaves, inforescence (flowers), cones or other stems
2. Internodes - act as spaces that distance one node from another
iv. modified stems

1. bulb – a short vertical underground stem with fleshy storage leaves (ex: onion)
2. rhizome – usually underground stem fxns in vegetative reproduction (type of asexual reproduction) (ex: ginger)

3. Stolon - is similar to a rhizome, but is the main stem of the plant (ex: strawberry)
4. Stem tuber - thickened rhizomes or stolons (ex: potato)
d. Leaves

i. Parts

1. stoma (stomata) – regulates ratio of transpiration

a. transpiration = loss of water vapor from leaves & stems

2. guard cells – long cells around stomata which contain cellulose rings
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3. hormones causes closing of stomata reducing transpiration to prevent water loss = abscisic acid
4. Other regulation of transpiration

a. Abiotic factors: 
i. temperature, light, wind, & soil water = Direct relationship

ii. humidity & CO2 = Indirect relationship
b. Plants: reduce # of leaves, curl their leaves, have deep roots, decrease # of stomata, hairs surround stomata, have water storage tissue
5. Example: Adaptations of Xerophytes – lives in ecosystem with little water or moisture
a. reduced permeability of the epidermal layer, stomata and waxy cuticle to maintain optimal amounts of water in the tissues by reducing transpiration
b. Limit water loss

i. C4 & CAM – special photosynthesis to limit water loss

ii. Few stomata, waxy stomata, curled leaves, decrease leaves, & stomata open at night

c. Storage of water

i. Succulent (water retaining) leaves, stems, & root tissues
d. Water uptake

i. Acquire water from deep underground sources or directly from humid atmospheres
1. Deep root systems & absorbing surface moisture from leaf hairs
6. Hydrophytes- plants that live in water
a. Air spaces for flotation – creates buoyancy 
b. Small amounts of xylem in stem and leaf
c.  Stomata in upper epidermis
d. Waxy cuticle on upper epidermis of leaves

7. Modified leaves

a. Tendrils – coil around objects for climbing & support – ex: pea plant
b. Spines and Thorns – protection, water loss, & carry out photosynthesis – ex: cacti
c. Floral leaves or bracts – colored modified leaves that surround flowers & attract insects for pollination

ii. Monocots 

1. linear blade includes major vein with no minor veins

a. parallel venation (grass)

2. stomata -  on upper & lower epidermis 
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iii. Dicots

1. blades includes 1 major vein with minor veins filled in

a. pinnate venation

b. palmate venation

2. stomata – mainly on lower epidermis
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VI. Transpiration – Cohesion Model

a. Evaporation - works with trans; H20 is evaporated from spongy mesophyll

b. Cohesion – Hydrogen Bonding in H20 causes it to adhere to each other

c. Transpiration Pull – a vacuum is created by the evaporation of H20 from stomata of leaves; H20 column moves up to fill vacuum

d. Xylem – cells and vessels which are empty to allow for cohesion of H20 to occur


e. Transpiration Steam: 

i. Transpiration causes a flow from roots (called transpiration stream) to leaves
ii. Evaporation of water from spongy mesophyll cell walls of leaves
iii. Evaporated water is replaced from xylem, pulled out of the xylem through mesophyll pores
iv. Low pressure is created inside xylem vessels when water is pulled out (transpiration pull)
v. Xylem vessels contain long, unbroken columns of H20 where pressure is transmitted across
vi. Xylem cells are empty cells so H20 can create a column
vii. To equalize the pressure, H20 travels up the vessels through its property of cohesion


VII. Translocation (pressure flow process) of Biochemical: 
a. Phloem have sieve tubes that transport organic compounds 
b. Column cells develop into sieve tubes by breaking down nuclei and cytoplasm, making large pores in their walls to allow a flow of sap
c. The plasm membrane pumps organic compounds into sieve tubes using ATP. 
d. This create a high concentration of solute causing H20 to diffuse in, resulting in a positive pressure gradient allowing organic compounds to be pumped anywhere in the plant. 
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