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· Angiosperms: flowering plants, consist of 2 major regions, and split into 2 groups

SYSTEMS (REGIONS)

· Root System: (all the roots of plant)

· Roots- (branched portion of plant body embedded in soil)               6 functions

· Anchor plant to the ground

· absorb water + minerals from soil

· store excess sugar made during photosynthesis

· transport water, minerals, sugars + hormones to and from shoot

· produce hormones

· interact with soil fungi + micro orgs. that provide nutrients to plant

· Shoot System: (usually located above ground)

-made up of leaves, buds, flowers, + fruits (all born on stems, which are usually branched)

· Shoots- several functions

· photosynthesis in mainly leaves and young green stems

· transport of materials to leaves, flowers, fruits, + roots

· reproduction

· hormone synthesis

GROUPS (see pic on p467 Towle)
· Monocots: (ex. grasses, lilies, palms, orchids)
a. Flowers : part into 3s or multiples of 3

b. Leaves: have smooth edges + narrow // veins

c. Stems: vascular bundles spread out throughout stem

d. Roots: fibrous root system*

e. Seeds: seed has 1 cotyledon*
· Dicots: (ex. deciduous* trees, bushes, garden flowers)

a. Flowers: part into 4s or 5s, or multiples of 4 or 5 

b. Leaves: palmate (handlike), or oval with netlike veins

c. Stems: vascular bundles arranged in a ring around stem

d. Roots: taproot system*

e. Seeds: seed has 2 cotyledon

Categories for plant cells

· Meristem cells:

-capable of mitosis

-some daughter cells lose the ability to divide and become part of the nongrowing portions of plant (differentiated cells) 

-continuing mitosis keeps plant growing throughout life

· Apical Meristems: (“tip meristems”)    ↕
-located at ends of roots/ shoots

· Lateral Meristems: (“side meristems”)  ↔
-also known as cambia (sing- cambium)

-form cylinders that run // to long axis of roots + stems

· Differentiated Cells:

-meristem cells that lost ability to divide by mitosis

-have specialized plant structures + functions

-form permanent, stable part of plant (i.e. mature leaves or tree trunks)

Growth of plants

· Primary Growth:

-occurs by mitotic division of apical meristems, followed by a differentiation of daughter cells

-takes place in growing tips of roots and shoots

-responsible for increase in length +development of the specialized plant structures

-increase in roots and shoots’ lengths allows them to enter new space to absorb light, nutrients + water

· Secondary Growth:

-occurs by mitotic division of lateral meristems, followed by a differentiation of daughter cells

-takes place in stems and roots of most conifers* and dicots

-responsible for increase in diameter

-increase in growth of stems and roots make them thicker and woodier as they age

· secondary growth results from cell divisions in lateral meristems; vascular cambium + cork cambium

· Vascular Cambium: located between primary xylem + phloem

· daughter cells of vascular cambium (inside stem) differentiate into secondary xylem
· center is already filled with pith and primary xylem – secondary xylem pushes tissue further + increase SA of stem

· forms wood that makes up most of the trunk of tree

· young xylem (sapwood – located inside vascular cambium) sends water + minerals

· older xylem (heartwood) strengthens tree

· collection center for metabolic wastes of trees

· help strengthen heartwood

· creates darker color

· helps heartwood resist from rotting
· daughter cells of vascular cambium (outside stem) differentiate into secondary phloem
· weaker than xylem

· after death, most of the remains are crushed by hard xylem (inside of trunk and outside of cork)
· in winter, cell division stops, resumes in spring

· young cells absorb water and swell while cell walls are soft

· after hardening, no more growth 

· more water available in spring, less in summer – 

· pale regions (large cells : spring) springwood
· dark regions (small cells : summer) summerwood
· annual rings follow pattern depending on growth in temperature trees

· Cork Cambium: new lateral meristem layer formed after epidermis splits and dies (cannot expand too much)

· parenchyma cells are stimulated by a hormone and form cork cambium

· form cells outside

· daughter cells called cork cells*
· cork develop tough waterproof cell walls that protect trunk from drying + physical damage

· die as they mature, peel off

· “bark” includes tissue of vascular cambium (phloem, cork cambium, cork cells)

· complete removal of bark from tree is called girdling – fatal to tree (phloem is missing, materials cannot be transported to plant)
*Notice how primary growth involves the mitotic division of apical meristems, while secondary growth involves the mitotic division of lateral meristems.

Herbaceous plants = flowering plants (e.g. lettuce, beans, grasses), usually live about

1 year

Woody plants = (e.g. trees +bushes) most are perennial, develop hard, thick stems as 

result of secondary growth

· Tissue Systems: 3 major tissue systems (which are composed of other tissues, which are composed of specialized cells)

· Dermal Tissue System: covers the outside of the plant

· Epidermal Tissue-

· forms the epidermis (outermost cell layer that covers leaves, stems and roots of young plants)

· also covers flowers, seeds +fruits

· in herbaceous plants, covers all parts of plant for life

· mainly composed of thin, water-proof, waxy cuticle
· Cuticle: secreted by epidermal cells, reduces evaporation of water + protects plant from invasion of disease micro orgs. does not cover roots and stems → prevent absorption of water and minerals
· extensions of root hairs are produced
· Root hairs: long projections that increase absorptive surface area of root, those on desert plants reduce evaporation by reflecting sunlight and producing air near plant’s surfaces – tropical plants use hairs to capture and store water

· Periderm-

· replaces epidermal tissue on roots and stems of woody plants as they age
· composed mainly of cork cells
· Cork Cells: thick water-proof walls that are dead at maturity, (form protective outer layer of bark on trees and woody shrubs)
· Periderm includes the cork cambium which creates cork cells
· Ground Tissue System: makes up most of a young plant, consists of nondermal and nonvascular tissues, Functions- photosynthesis, support, storage

· Parenchyma- most abundant of the ground tissue

· thin-walled

· alive at maturity
· carry out most of the metabolic activities in plant

· functions include photosynthesis, storage of sugar + starches, secretion of hormones

· under proper conditions, capable of mitotic division
· Collenchyma- 

· consists of polygonal cells that are alive at maturity, but cannot divide

· cell walls are strong and flexible

· important source of support

· Sclerenchyma- 

· consists of cells with thick secondary cell walls that are supported by lignin*

· support and strengthen plant body

· die after they have differentiated, their hardened cell walls remain and support plant

· found in various parts of the plant, along with xylem and phloem
· Vascular Tissue System: transport of materials, Functions- transports water, minerals, sugars, and plant hormones into plant

· Xylem- transports water and minerals up from roots to rest of the plant with the use of tubes

· Tracheids: thin tube-like cells with thick cell walls

· ends overlap, the end walls have pits*

· pits allow water and minerals to pass through a water permeable membrane

· Vessel Elements: larger in diameter than tracheids

· ends also overlap, sometimes disintegrate and leave open vessels from the root to the leaf

-most conifers have tracheids

-herbaceous plants have both

-as the tube cells differentiate, they develop thick cell walls that help support weight of plant

-final differentiation is when they die (only cell wall is left)

· Phloem- distributes water, sugars, amino acids, + hormones throughout plant, carries water that contains these materials

· Sieve Tubes: one of the supportive sclerenchyma cells, made up of sieve-tube elements
· as sieve-tube elements mature, their inner contents disintegrate

· at the ends of sieve-tube elements, adjacent cell walls meet and create openings between each other called sieve plates*

· Sieve-tube elements have plasma membrane, mitochondria, and endoplasmic reticulum so it considered to be alive, but lacks ribosomes, Golgi complex and nucleus – they are nourished by smaller adjacent companion cells*

· companion cells are connected to sieve-tube elements by plasmodesmata* (a type of cytoplasm filled channels
· companion cells donate high-energy compounds and repair sieve-tube plasma membrane
· companion cells regulate sugar in + out of sieve-tube elements
· Leaves – major photosynthetic structures of plant, ideal leaf has large SA + be waterproof (SA allows more CO2 to enter, waterproof prevents water from evaporating) e.g. flowering plants

· Blades: flat portion connected to the stem by a stalk (petiole)

· Vascular bundle (veins) – vascular tissues, which is made up xylem + phloem, branch out into these

· simple leaf has single blade

· compound leaf has leaflets
· Petioles: the stalk that connects the leaf blade to the stem

· Epidermis: (dermal tissue) outer layer of the leaf

· consists of nonphotosynthetic, transparent cells that secrete a cuticle onto surface of leaf to reduce evaporation

· epidermis and cuticle have stomata (sin. – stoma), 

-stomata regulate diffusion of CO2 and H2O

-each stoma is covered by two guard cells

-guard cells regulate size of the opening (also contain chloroplasts and carry out photosynthesis

· Mesophyll: (“middle of the leaf”) (ground tissue)made up of loosely packed parenchyma cells, also has the vascular bundles (xylem + phloem)

· Palisade Cells: located beneath upper epidermis

· Spongy Cells: abnormally shaped above lower epidermis

-both cells perform photosynthesis and contain chloroplasts; CO2 easily diffuses into these cells because of the stomata

-the vascular cells (xylem +phloem) have contact with mesophyll cells through veins

-mesophyll cells receive energy from sunlight (transparent epidermis), CO2 from stomata, water from xylem

-sugars produced are sent to parts of the plant by the phloem

· Veins: (vascular tissue system)vascular bundles

· continuous with vascular tissue of stem and petiole (lie embedded in mesophyll)

· vein branch repeatedly

·  venation is arrangement of veins in the leaf
· monocots : parallel venation
· dicots: net venation
· Stem: contains a small group of actively dividing cells (apical meristem)

· Apical Meristem is located in terminal bud* 
· terminal bud is made up of meristem tissue surrounded by leaf primordia* at tip of shoot

· leaf primordia formed by meristem cells that are left on surface of stem as shoot grows – develop into mature leaves

· meristem cells produce lateral buds*
· grow into branches under certain conditions

· lateral buds + leaf primordia cells appear on nodes

· locations between the nodes called internodes*

· bud (capable of opening a new shoot) is usually surrounded by specialized leaves called bud scales
· Intercalary Meristem: monocots
· located above bases of leaves + stems
· allow grass leaves to regrow after being grazed or mowed
· Lateral Meristem: gymnosperms + dicots
· allow stems + roots to increase in diameter
· located near outside of stems + roots
· vascular cambium + cork cambium
· Epidermis: (dermal tissue) exposed to dry air, potential water loss
· secretes cuticle (similar to stomata)

· reduces evaporation

· reduces diffusion of CO2 and O2

· Cortex: (ground tissue) located between epidermis + vascular tissues
· Support: (young plants)

· water that fills up the central vacuoles in cortex causes turgor pressure

· turgor pressure stiffens cells, keeps them straight, not droopy

· older plants have collenchyma + sclerenchyma, whose thick cell walls are enough support

· Storage: 

· parenchyma cells convert sugar into starch and store the starch

· Photosynthesis:

· outer layer of cortex contain chloroplasts and perform photosynthesis

· Pith: (ground tissue) inside vascular tissues, center of stem
· [same as cortex except for PS]

· Vascular tissues: transport water, minerals, sugars, hormones - continuous in root, stem, leaf, all parts of plant

· primary xylem + primary phloem found in young plants

· vascular cambium* creates secondary xylem and phloem
· Roots: daughter cells produced on apical meristem differentiate into epidermis, cortex, or vascular cylinder

· Taproots: used mainly by dicots

· has a primary root (first root to develop) and smaller roots

· it monocots, the primary soon dies off, branching into smaller roots

· Fibrous roots systems: used mainly by monocots

· has secondary roots

· Root cap: tip of the root, made up of differentiated daughter cells produced at the lower portion of apical meristem

· protects apical meristem from being scraped off as root pushes down and makes contact with rock particles

· have thick cell walls

· secrete slimy lubricant (helps ease roots between soil particles)

· continuously being replaced by new cells

· Pericycle: origin of root branches, outermost layer of vascular cylinder

· part of apical meristem that still has ability to divide

· with certain hormones, is able to divide and form apical meristem of branch root*

· Branch Root: a root that branches off the original root

· develops similarly to a primary root, except that it must first break through the cortex and epidermis of primary root

· breaks through by crushing cells that block the way and secreting enzymes that digest the cells

· its vascular tissues connect with the vascular tissue of primary root

· Epidermis: outermost part of root, has contact with soil, air +water

· cell walls are extremely permeable

· water passes through the epidermis membrane or the cells by means of the porous walls

· most epidermal cells grow root hairs into soil to increase SA – increases ability to absorb more water and minerals

· Cortex: makes up most of the inside of a young plant

· made up of loosely packed parenchyma cells beneath epidermis and small bundles of cells (called endodermis*) that form a ring around vascular cylinder

· sugars that are produced in the shoot are transported to parenchyma cells of cortex, converted to starch and stored

· abundant in roots specialized in carb. storage (ex. carrots + dandelions)

· cells walls of endodermal cells have a fatty, waterproof band called Casparian strip* 
· Casparian strip prevents water from going through cell walls between endodermal cells

· does not cover cell surface that face rest of the cortex + vascular cylinder

· forces water that enters vascular cylinder to go through membranes of endodermal cells by osmosis

· Vascular Cylinder: contains tissues of xylem +phloem

· outermost layer is called pericycle* (located in endoderm of cortex)

· take in water + minerals from endoderm cells – active transport of minerals into vascular cylinder, osmosis for water

· maintains concentration gradient and minerals continue to move by diffusion

· water with high concentration of dissolved minerals flows through cell walls of xylem and up the shoot

· phloem carries high-energy molecules from photosynthesis (e.g. sugar) from leaves to roots for energy

· Process of Acquiring Nutrients: concentration of material outside of roots is less than that inside roots

· ATP has to be used for active transport

· sugar made in leaves from photosynthesis is transported by phloem to roots

· sugar supplies mitochondria to create ATP

· some ATP is used for active transport of materials

· oxygen must be in soil – ATP production from mitochondria requires O2

· flooding/ overwatering can kill plants (no O2 exists in gaps of soil

1. Active transport into root hairs

· root hairs provide SA for roots and have intimate contact with soil water

· plasma membrane of root hairs use ATP to transport materials from soil water

· concentrates minerals in root hair cytoplasm

2. Diffusion through cytoplasm to pericycle cells

· cytoplasm of adjacent living plant cells is interconnected by plasmodesmata

· minerals diffuse from plasmodesmata from epidermal cells to cortex, endodermis, + pericycle

3. Active transport into the extracellular space of vascular cylinder

4. Diffusion into xylem

Nutrients: “elements essential to normal life that differ for different organisms”

Plants require:     (minerals – H2O + nutrients)   “macronutrients”

DIFFUSION (leaves, stems, roots)

-C (CO2) 


-H2 (H2O)


-O2 (H2O + O2)


ROOTS (from soil)


-phosphorus (P ions in soil)


-nitrogen (Nitrate and ammonium ions in soil)


-Mg, Na, K (ions in soil)

Vocabulary

*adaptation – a trait that increases the ability of an individual to survive and reproduce compared to individuals without the trait

*branch root – a root that arises as a branch of a preexisting root, through divisions of pericycle cells and subsequent differentiation of the daughter cells

*Casparian strip – a waxy, waterproof band, located in the cell walls between endoderm cells in a root, that prevents the movement of water and minerals into and out of the vascular cylinder through the extracellular space

*companion cells – a cell adjacent to a sieve-tube element in the phloem, involved in the control and nutrition of the sieve-tube element

*cotyledon – a leaflike structure within a seed that absorbs food molecules from the endosperm and transfers them to the growing embryo; also called seed leaf (monocot and dicot took their roots from cotyledon)
*deciduous – trees that drop their leaves in the winter

*endodermis – the innermost layer of small, close-fitting cells of the cortex of a root that form a ring around the vascular cylinder

*fibrous root system – a root system, commonly found in monocots, characterized by many roots of approximately the same size arising from the base of the stem

*lateral bud – a cluster of meristematic cells at the node of a stem; under appropriate conditions, it grows into a branch

*leaf primordia – a cluster of meristem cells, located at the node of a stem, that develops into the leaf

*lignin –a hard material that is embedded in the cell walls of vascular plants and provides support in terrestrial species; an early and important adaptation to terrestrial life

*node – in plants, a region of a stem at which leaves and lateral buds are located; in vertebrates, an interruption of the myelin on the myelinated axon, exposing naked membrane at which action potentials are generated

*pericycle – the outermost layer of cells of the vascular cylinder of a root

*phloem – a conducting tissue of vascular plants that transports a concentrated sugar solution up and down the plant

*pits –an area in the cell walls between two plant cells in which secondary cell walls do not form, such that the two cells are separated only by a relatively thin and porous primary cell wall

*plasmodesmata – a cell-to-cell junction in plants that connects the cytoplasm of adjacent cells

*sieve plates – in plants, a structure between two adjacent sieve-tube elements in phloem, where holes formed in the primary cell wall interconnect the cytoplasm of the element; in echinoderms, the opening through which water enters the water-vascular system

*taproot system – a root system, commonly found in dicots, that consists of a long, thick main root and many smaller lateral roots, all of which from the primary root

*vascular bundle – a strand of xylem and phloem in leaves and stems; in leaves, commonly called a vein
*vascular cambium – a lateral meristem that is located between the xylem and phloem of a woody root or stem and that gives rise to secondary xylem and phloem

*vascular cylinder – the centrally located conducting tissue of a young root, consisting of primary xylem and phloem

*xylem – a conducting tissue of vascular plants that transports water and minerals from root to shoot

For more practice, go to http://wps.prenhall.com/esm_audesirk_bloe_7/ and click on chapters 21, 24, 25, and 26.
Or just click on this link.  ^.^[image: image1.png]
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