Bios 1063  Chapter 16-Plants, and the Move onto Land

I. Plants began colonizing land about 475 million years ago.

In order for plants to colonize land, they needed certain adaptations.  

A.  Terrestrial Adaptations:


1.  Structural Adaptations: Roots, most plants have symbiotic fungi associated with their roots called mycorrhizae (meaning fungus root).  Fungi absorb water, and essential minerals from the soil and provide these materials to the plant.  Sugar produced by the plant nourish the fungi.  Mycorrhizae are found in some of the oldest plant fossils.  Key adaptation to living on land.

2. Leaves-cuticle-waxy layer covers the leaves, and sometimes the stems of plants to prevent dehydration, all terrestrial life forms need a protective layer to prevent dehydration

.  

3. Stomata are small air pores that open and close by 2 guard cells found on leaves.  The stomata are important for gas exchange-need carbon dioxide for photosynthesis and they release oxygen to the atmosphere.  Stomata are also important in conserving water and preventing dehydration.  


4. Shoots (stems)-contain a chemical called lignin-that hardens the cell walls so trees can grow several hundred feet.  
5. Transportation- plants have a vascular system to transport water and nutrients to their cells.

 Vascular tissue in plants consists of xylem and phloem
Xylem-consisting of dead cells with tubular cavities transport water and minerals from roots to leaves for photosynthesis.

Phloem- living cells that transport sugars (sap) from the leaves to the roots and other nonphotosynthetic parts of the plant.


2. Reproductive Adaptations; Gametangia-reproductive structures where gametes are surrounded by a moist chamber and protective cells, where gametes can develop without dehydrating.  Sperm-travel to eggs within pollen
Egg- remains within tissues of the mother plant and is fertilized there to form a zygote, which then develops into an embryo while still in the female parent, which protects the embryo and keeps it from dehydrating.  Most plants rely on wind or animals for dispersal of their offspring.

II.  Origin of Plants from Green Algae

Charophyceans  are the closest algal relatives of plants. 

Evolution onto land was in small increments like taking baby steps.  Many species of Charophyceans are found in shallow water around the edges of ponds and lakes.  In ancient times-Charophyceans in shallow water may have been subject to drying out of their habitats.  Natural selection would have favored individual algae that could survive through periods when they were not submerged.

Alternation of Generations-plants have life cycles very different from ours.  We are diploid individuals with the only haploid stage of sperm and eggs.   Plants have alternating generations from haploid-diploid-haploid-diploid

Phyte literally means plant.
Sporophyte= spore producing plant generation (2n) called a sporophyte because it produces haploid spores.

The spores form the Gametophyte = gamete producing plant generation (1n).  It is called a gametophyte because it produces gametes (sperm and eggs), which fertilize (sperm nucleus fuses with egg nucleus) to form a diploid zygote which begins the new sporophyte generation.

The Sporophyte generation is diploid and the Gametophyte generation is haploid (remember gametes are haploid)

III.  Plant Diversity-4 Major Periods

A. Bryophytes-Mosses-most primitive plants still present today.  These plants are short and group together to hold each other up; they are close to the ground because they have no vascular tissue to transport water or nutrients.   They are close to the ground to absorb water from the ground.  They have Gametangia that protect their gametes from dehydration and insects.  

A mat of moss consists of many plants growing in a tight pack helping to hold each other up. Low to the ground.  Waxy cuticle.  Thallus is a primitive leaf because no vascular tissue.  Air pores-true stomata have not evolved yet.  

 The dominant life cycle generation is the gametophyte.

Sporophyte generation arises from the gametophye.  

The female gametophyte will have the sporophyte grow from a zygote on its surface. 

The sporophyte forms a stalk with a capsule that contains haploid spores called meiospores because they are formed by meiosis.

Spores differ from gametes in 2 ways:  A spore can develop into a new organism without fusing with another cell (2 gametes must fuse to form a zygote); and spores usually have tough coats that enable them to resist harsh environments.

Bryophytes have Flagellated sperm-need water to swim to and fertilize the egg. A left over requirement from their aqueous environment.  

Peat moss—or Sphagnum moss, carpet at least 3% of the earth’s terrestrial surface.  The accumulation of peat, the thick mat of living and dead plants in wetlands, has an enormous amount of organic carbon because peat has a lot of chemical materials that are not easily degraded by microbes.  This is why peat moss makes a good fuel.  
B. Ferns:  Seedless vascular plants;  We see the appearance of vascular tissue for the first time in ferns.   Vascular tissue allows the plant to grow upright because you have a means of distributing water and nutrients.  

 Ferns -first plants to have evolved vascular tissue.  Still have flagellated sperm that must swim through water to fertilize the egg.

The ferns you see and are familiar with are the sporophyte generation (2n).

Sporophyte is the dominant generation.  Sporophytes have reproductive structures on the back of their fronds called sori,  which are clusters of spores.  Gamteophytes are very small heart-shaped structures that lie close to the ground. They will produce egg and flagellated sperm.  When the sporophyte embryo starts to grow, the heart shape gametophyte degenerates.

Fiddleheads-Baby sporophytes.

Carboniferous period:  290-360 million years ago ancient ferns were more diverse.  They formed vast, swampy forests that covered much of what is now Eurasia and North America.  At that time these continents were close to the equator and had tropical climates.  These swamps generated great quantities of organic (hydrocarbon) matter.  As the plants died, they fell into stagnant wetlands and did not decay completely.  Their remains formed thick deposits of organic rubble or peat.  Later seawater flooded the swamps and marine sediments covered the peat and pressure and heat gradually converted the peat to coal.  Coal is black sedimentary rock made up of fossilized plant material.  Most extensive coal beds are from Carboniferous deposits.  Coal, oil and natural gas are fossil fuels—fuels formed from the remains of extinct organisms (mostly plants).  

C.  Gymnosperms (naked seeds) 

Conifers (pines, spruce, redwoods, cedar and other evergreen plants):  most widespread and diverse gymnosperms.

 Evolution of Seed Plants called Gymnosperms (naked seeds):  Conifers –Cone bearing plants—first plants to produce seeds.

Coal forests dominated the North American and Eurasian landscapes until the end of the carboniferous period.  Global climate became drier and colder, and vast swamps began to disappear.  The climactic change provided an opportunity for seed plants, which complete their life cycles on dry land and can withstand long, harsh winters.  

Phylumn Coniferophyta-Evergreens

Pines, firs, spruces, junipers, cedars and redwoods-  Tallest, largest, and oldest organisms on earth.

General Sherman tree found in Sequoia National Park--Trunk circumference is 26 meters which is approximately 85 ft around

Methusela-4600 years old- 

Life history of a tree is found in its rings.

Adaptations include:

1. Evergreens with pine needles (which are leaves that are reduced in size to conserve water).  Stomata are in deep pits to reduce dehydration.

2. Thick cuticle covering the leaf and stomata

We get most of out wood and paper products from conifers.

Wood is actually an accumulation of vascular xylem.

Reproductive Adaptations-We see pollen and eggs develop inside cones.   Conifers (the trees you see) are sporophytes with tiny gametophyes living inside their cones.  The cones are completely dependent on and protected by the sporophyte (parent plant).

Male gametophytes are Pollen.  Female gametophytes are ovules.  

Pollinate cones produce pollen and ovulate cones produce eggs.  The pine cones you pick up from the ground are ovulate cones.  Each scale of a pine cone has two 2 ovules with an egg in each one.  Pollinate cones are smaller than the ovulate cones in conifers, and they are usually clustered together.  

The yellow powder that covers your vehicles is conifer pollen.  Two sperm and a tube nucleus are in a pollen grain: tube nucleus forms the pollen tube, 1 of the 2 sperm will fuse with the egg to form the zygote and the other sperm will disintegrate.  

Pollination:  Pollen has just reached the vicinity of the female.

Pollen tube forms through to the egg.

Fertilization:  When the sperm and egg nuclei fuse to form a zygote.

Pollination and fertilization are not the same thing.  It takes approximately 12 months from the time of pollination until fertilization occurs in conifers.

After fertilization, the ovule will form a seed.  The seed of any plant contains an embryo packaged with food.  The parent plant attaches a wing to the seed for wind dispersal from the ovulate cone.  When the ovulate cone releases most of its seeds, it falls off the tree.  The same goes for the pollinate cone, once it releases all its pollen, it drops to the ground.  You have seen gymnosperms dispersing their seeds.  They look like an individual helicopter propellers that spiral down on your car by the wind. 

D.  Angiosperms (Vessel for seeds) Flowering plants.  The flower is a reproductive chamber that bears seeds in protected chambers called ovaries, which will form fruit.  There are 250,000 species of flowering plants.  This includes flowering trees such as oak trees, apple trees, etc.  Angiosperms are responsible for our food supply.

Angiosperms are the most successful of all plants on the planet.  We have more species of angiosperms than any other plant.

1. Adaptations for the Success of Angiosperms-flowering plants

Flowers contain female and male sexual parts.  They are bright, colorful and exude odors to attract animals such as insects, birds, and bats.

Flower anatomy:  Carpel= 3 female parts: the stigma, the style and the ovary (eggs form inside the ovary.)

Stamen = 2 male parts:  the filament and anthers.  Pollen forms inside the anthers. 

Animals like insects, birds, and bats are important in distributing pollen from the anther of one flower to the stigma of another flower.  

The stigma is sticky so the pollen will stick to it.  

Double Fertilization:  2 sperm and a tube nucleus in the pollen grain, 1 tube nucleus to form the pollen tube to the ovary. 

1 sperm fertilizes the egg and forms a zygote

The 2nd sperm joins with 2 or 3 polar nuclei inside the ovule to form endosperm (food for the embryo) in a seed coat.   

The seed’s enclosure within an ovary is what distinguishes angiosperms from the naked seed condition of gymnosperms.

Once fertilization occurs, seeds will form from the ovules.  

Fruit is a mature ripened ovary containing the seeds.  As seeds develop, hormones are released and the ovary wall thickens forming the fruit that encloses the seeds (embryos and food).

Fruit is anything that contains a seed.  Tomatoes, oranges, apples, cucumbers, peppers, peas, peanuts, walnuts, etc are fruit.  Anything containing seeds is a fruit.  

Anything you eat that normally does not contain seeds is a vegetable, lettuce, radish, cabbage, celery, potatoes etc.

Fruit protects and helps disperse seeds.  Animals are the main dispersal mechanism form angiosperms.  Fruit attracts animals, so that the animals eat the fruit such as a bird eating berries, the bird will digest the fruit without hurting the seeds.  The seeds will be dispersed in the bird’s feces, already fertilized and ready to grow.  

1.  Interdependence of Angiosperms and Animals

1.  Agriculture-evolutionary relationship between plants and animals-Selective breeding (artificial selection) has increased the variety of foods we eat.  

2. Plant Diversity- a Non-renewable Resource.

Slash and Burn Clearing of the forest for agricultural use-Critical crisis in South American Tropics.  At the rate we are removing the tropical rain forests, they will be gone within 25 years, along with all that incredible biodiversity of species.  We use many plants for medicines.  Who knows if we are throwing away treatments that cure cancer etc.?

Food for thought:  We are concerned about global warming.  Carbon dioxide in our atmosphere retains the sun’s radiation and heats up our planet.  The  plants remove carbon dioxide from the atmosphere for photosynthesis.  If we increase carbon dioxide emissions from our factories and cars into the atmosphere and slash and burn our forests, we are certain to cause climate problems. 
