BIOL 1108  LAB 4. PLANTS 


A. INTRODUCTION
I will cover this content on plants briefly in an introductory PowerPoint presentation in the lab. Once we are through with that presentation, you are on your own. Next week we will have as lab quiz on this information. Some of the information contained in this presentation will probably review material that you learned in your first semester biology course.  Much of it, on the other hand will go into a bit more detail.  Much of this material will be covered in our lecture presentations on plants, as well.
	

A.1.  KINGDOM PLANTAE CHARACTERISTICS

The Kingdom Plantae is a group of organisms that are eukaryotic, autotrophic (photoautotrophic), sessile, and multicellular.  

The unifying features of the Plantae are demonstrated at the cellular level.  First, plant cells have cell walls made of cellulose. Second, plant cells are characterized by a single large central vacuole that can function in storage, but more importantly, is responsible for generating turgor pressure in the cell. Third, plant cells are characterized by the presence of organelles called plastids.  Most plastids are chloroplasts, engaging in photosynthesis, while others engage in other functions (amyloplasts accumulate starch and are thought to function in gravitropism (growth of plant roots downwards).  Fourth, plant cells lack centrioles, which are a distinguishing feature of animal cells.

Metabolically, all plants (with exception of a few highly-evolved parasitic species) carry out photosynthesis: the reduction of carbon resulting in the formation of sugar.  All plants store their sugar as starch.  All plants employ chlorophyll A, chlorophyll B, and carotenoids as their collected photosynthetic pigments. It should be noted, while the vast majority of plants are photosynthetic autotrophs, there are a few, highly derived species that are parasitic (plants that derive some or all of their food molecules from a host plant).  Parasitic plants include mistletoe, which is photosynthetic, but derives all of its water and some of its sugar from the host.  Mistletoe interconnects its own vascular tissue with the vascular tissue of the host. Another parasitic plant, dodder, is nonphotosynthetic and resembles a tangled reddish-brown tangle of string.  Dodder derives all of its nutrition from the roots of its host plant.

Lastly, all members of the Kingdom Plantae have the same type of sexual life cycle.  You will remember that a sexual life cycle has two critical components: syngamy (fertilization) and meiosis.  Syngamy multiplies chromosome number, while meiosis reduces chromosome number.  In the Kingdom Plantae, the life cycle consists of a diploid phase (called the sporophyte) and a haploid phase (called the gametophyte).


A.2.  KINGDOM PLANTAE DIVERSITY

Plants are thought to have evolved out of a group of green algae (Division Chlorophyta) in the Kingdom Protista.  Given this premise, it would logically follow that the ancestral plants were evolved from aquatic ancestors, any adaptations to life on land would be derived characters added later in the evolutionary history of the plants. 

The plants can be divided into two major groups based on structure: the nonvascular plants (do not have xylem and phloem, do not have a cuticle) and the vascular plants (have xylem and phloem, have a cuticle). The nonvascular plants are considered to be more primitive, while the vascular plants (because they are better adapted to life on land) are considered to be more advanced. The nonvascular plants are represented by the mosses (Division Bryophyta).  The vascular plants, also called the tracheophytes include the ferns (Division Pterophyta), the conifers (Division Coniferophyta), and the flowering plants (Division Anthophyta).


THE SEEDLESS PLANTS

The plants can also be divided into two major groups based on how they reproduce: the seedless plants (reproduce by making spores) and the seed plants (reproduce by making seeds).  The seedless plants are considered to be more primitive, while the seed plants are considered to be more advanced.


DIVISION BRYOPHYTA: MOSSES

The nonvascular plants (Division Bryophyta) are considered to be more consistent with the ancestral plant type, and are thus demonstrate primitive characteristics.  Nonvascular plants do not have vascular tissue (xylem and phloem) which is responsible for moving water, minerals, and food between roots and leaves in terrestrial plants.  Nonvascular plants also lack a cuticle, a waxy coating over the surfaces of the plant (leaves, mostly) that prevents desiccation in a terrestrial environment.  Nonvascular plants are not considered to have true roots or leaves.  What appear to be roots are called rhizoids.  What appear to be leaves are called phyllids.  These nonvascular plants are also seedless plants in that they reproduce by making spores.

Mosses are the typical examples of nonvascular plants. The haploid gametophyte generation is the dominant generation in the life cycle (it is both conspicuous and persistent).  Generally small in size, these organisms tend to live in moist habitats.  The lack of vascular tissue and cuticle is a contributing factor to their choice of habitat.
 
ON YOUR OWN: Do a Google search for “mosses” and click on images.  You will see typical green “fuzzy” moss plants; these are gametophytes (the dominant generation in the life cycle.

Mosses are dioecious, which means that they exist as separate sexed male and female individuals.  The process of reproduction in nonvascular plants requires the presence of water for fertilization.  Mosses make sperm that swim from the male reproductive structures to the female reproductive structure to effect fertilization of an egg.  Mosses do not make the reproductive structures that are typical of terrestrial plants.  Mosses do not make pollen, ovules, or seeds…they make spores instead.  To this end, mosses (and bryophytes, in general) are referred to as seedless plants.

Spores are produced in the sporophyte, which is a long slender filament with a enlarged container (called a capsule) at the top.  The capsule is the site of meiosis and it contains haploid spores.  Once released, the spores will germinate and grow into new moss gametophytes.

ON YOUR OWN: Do a Google search for “moss sporophyte on female gametophyte” and click on images.  You will see typical green moss plants (gametophytes) with long skinny structures coming from the top of each plant (sporophytes).  You will notice that the top of each sporophyte is a swollen structure (capsule), which contains the haploid spores.

ON YOUR OWN: To get a better idea of how the gametophyte and the sporophyte generations “fit” into the moss life cycle, do a Google search for “moss life cycle” to see any number of life cycle diagrams.

ON YOUR OWN: Two examples of mosses are Polytrichum, hair cap moss, a commonly found moss in our area, and Sphagnum, the source of peat moss used in gardening.  Google these names to see representative pictures of these plants.


DIVISION PTEROPHYTA: FERNS 

The next step in the advancement of plants beyond the bryophytes, is demonstrated in the pteridophytes (plants called ferns in the Division Pterophyta).  Ferns have vascular tissue (xylem and phloem) and a waxy cuticle.  Vascular plants (ferns and the conifers and the flowering plants that follow are called tracheophytes.  Ferns are considered to have true roots and leaves (the leaves are commonly referred to as fronds).  While ferns may seem to be well-adapted to a terrestrial existence in terms of structure, it is important to note that ferns share the water requirement for fertilization as seen in the mosses.  Ferns do not have pollen, ovules, or seeds…they make spores.  To this end, ferns (like the bryophytes) are also referred to as seedless plants…or, more specifically seedless vascular plants.

ON YOUR OWN: Do a Google search for “ferns” and click on images.  You will see numerous pictures of typical ferns; the sporophyte generation is the dominant generation of the fern life cycle.  The fern sporophyte produces haploid spores, which then grow into the gametophyte generation.

The gametophyte generation in the fern life cycle is a tiny, free-living, haploid individual that has no vascular tissue.  The fern gametophyte lives the damp soil underneath of the fern sporophyte.  The fern gametophyte produces sperm and eggs.  Once fertilized, an egg cell (now a zygote), will grow into a new fern plant (sporophyte).

ON YOUR OWN: Do a Google search for “fern gametophyte” and click on images.  You will see the tiny haploid generation of the fern life cycle that makes the gametes (sperm and eggs).

ON YOUR OWN: To get a better idea of how the sporophyte and the gametophyte generations “fit” into the fern life cycle, do a Google search for “fern life cycle” to see any number of life cycle diagrams.

ON YOUR OWN: Two examples of ferns are Polystichum acrostichoides, christmas fern, a commonly found fern in our area, and Polypodium polypodioides, resurrection fern, another common fern that is epiphytic, in that typical grows on the trunks and branches of hardwood trees.  Google these names to see representative pictures of these plants.


THE SEED PLANTS

We have seen that the plants can be divided into two major groups based on structure:  the nonvascular plants (do not have xylem and phloem, do not have a cuticle) and the vascular plants (have xylem and phloem, have a cuticle). The nonvascular plants are considered to be more primitive, while the vascular plants (because they are better adapted to life on land) are considered to be more advanced. We have also seen that the plants can also be divided into two major groups based on how they reproduce: the seedless plants (reproduce by making spores) and the seed plants (reproduce by making seeds).  The seedless plants are considered to be more primitive, while the seed plants are considered to be more advanced.

The seed plants are tracheophytes (they have xylem, phloem, and a cuticle).  The seed plants fall into two general categories: the gymnosperms (plants with naked seeds) and the angiosperms (plants with protected seeds).  Seed plants represent three major advancements over the spore-bearing plants.  First, the male and female gametophytes are highly reduced (microscopic), and can then be formed and maintained on the sporophyte (the dominant generation).  Secondly, the male gametophytes (called pollen) can be delivered directly to the female gametophytes (called ovules) with no water required for fertilization.  Thirdly, the ovule, when fertilized develops into a seed, which is a resistant structure with a hard outer covering (seed coat), a tiny plant (embryo), and a food source for the embryo.   In other words, the seed is a structure that is designed to survive in a seasonal terrestrial environment.


GYMNOSPERMS:  THE CONIFERS (DIVISION CONIFEROPHYTA)

The word gymnosperm literally means “naked seed”.  In these plants, the tiny ovules (female gametophytes) are not protected.  This is considered to be a more primitive situation, when compared to the more advanced angiosperms.  There are quite a number of gymnosperms around the world, but you will be most familiar with the members of the Division Coniferophyta.  We will look at these conifers (cone-bearing plants) as our representative gymnosperms.

Confers get their name from the reproductive structures that bear pollen and ovules.  These structures, called cones or strobili are responsible for making and releasing the pollen (male or staminate cones), or making and bearing the ovules (female or pistillate cones).  As both male and female strobili are borne on the same individual, conifers are said to be monoecious. Male pine cones are formed in spring and generally release clouds of numerous haploid pollen grains, which are carried by the wind to the female pine cones (anemophilous pollination).  Conifers are exclusively trees. Conifer wood (a special type of xylem tissue) is made of same-sized cells; these trees are commonly described as softwood trees.

Female pine cones bear ovules on individual woody scales (called bracts), the ovules are not protected.  Each ovule contains a haploid egg cell. Pollination results in the direct delivery of the pollen grain (male gametophyte) to the ovule (female gametophyte) on the female strobilus. The fertilized ovules in the female (pistillate) cones develop into seeds which are released during the following year and germinate to grow into pine seedlings.

ON YOUR OWN: Do a Google search for “conifers” and click on images.  You will see typical cone-bearing plants.

ON YOUR OWN: Do a Google search for “conifer strobili” and click on images.  You will see typical male and female strobili (cones) from a variety of species of conifers.

ON YOUR OWN: Two examples of conifers that should be familiar to you are Pinus taeda, lobolly pine, a commonly found native pine in our area, and Picea pungens, blue spruce, a northern conifer commonly planted as an ornamental.  Google these names to see representative pictures of these plants.


ANGIOSPERMS:  THE FLOWERING PLANTS (DIVISION ANTHOPHYTA)

The angiosperms are also tracheophytes, with xylem, phloem, and cuticle.  The big contrast with gymnosperms is that the angiosperms have protected ovules (angiosperm = “covered seed”).  The angiosperms are commonly referred to as the flowering plants and they are all classified into the Division Anthophyta. 

The angiosperms have flowers as their reproductive structures.  Flowers are considered to be specialized shoots, each flower consists of both sterile and reproductive structures.  Most angiosperms are monoecious; they have both sexes present and functional on the same individual.  The sterile (nonreproductive) parts of the flower are the sepals (generally green leaf-like appendages) and the petals (generally larger and colorful; the petals generally function in the attraction of pollinators).  The reproductive parts of the flower are the stamens (male) and pistil (female). 

It should be noted that the flowering plants cover a wide range of types:  herbs (plants without wood), shrubs, and trees.  The wood in these trees (a type of xylem tissue) is made of mixed-sized cells; these are called hardwoods.

ON YOUR OWN: Do a Google search for “angiosperms” and click on images.  You will see typical flowering plants.

ON YOUR OWN: Do a Google search for “flower structure diagram” and click on images.  You will see typical flowers with their structures labeled.

The stamens of the flower produce pollen.  Each pollen grain is a tiny male gametophyte.  The pollen is carried to the pistil through a variety of means (the process is called pollination).  The pollen forms a pollen tube that grows down through the pistil towards the ovules, which are enclosed in the ovary, the swollen base of the pistil.  After fertilization, the ovules develop into seeds that remain enclosed in the ovary of the flower.

Since ovules are protected and enclosed within the ovary, it would stand to reason that the seeds will be similarly protected and enclosed within the ovary after fertilization.  A ripened ovary containing seeds (fertilized ovules) is called a fruit.  You are probably well aware of fruits; apples, watermelon, peaches, tomatoes, beans, cucumbers.  Next time you are about to eat and apple…look at it.  The stem of the apple is the old pedicel of the flower, the small aggregation of what look like dead leaves at the other end of the apple are the remains of the flower parts.  The flesh of the apple is the ovary of the original apple flower.

ON YOUR OWN: Do a Google search for “apple seeds in an apple” and click on images.  You will see the apple sliced lengthwise with seeds contained within.


ON YOUR OWN: Two examples of flowering plants that should be familiar to you are Taraxacum officinale, dandylion, a common lawn weed, and Magnolia grandiflora, flowering magnolia.  Google these names to see representative pictures of these plants.
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