EXERCISE 11 – Kingdom Plantae: Gymnosperms & Angiosperms:  Vascular Plants with Seeds
THE VASCULAR SEED PLANTS:  Gymnosperms and Angiosperms 

All gymnosperms are seed bearing plants which lack an ovary (gymnosperm means naked seed). Most have the seeds borne in a strobilus (cone) and the majority lack vessels, but consisting of fibers and tracheids, in the xylem.  In temperate areas the leaves are usually needles or scale-like while many from tropical areas have leaves resembling palms.  Two kinds of spores are produced.  Pollination is by wind.  Presently there are several living groups among the gymnosperms and we will study them under separate Divisions.
All angiosperms are seed bearing plants which possess an ovary (angiosperm means vessel seed).   Most have seeds borne in an enclosed vessel or ripened ovary called the fruit.  The majority of angiosperms have xylem that contains fibers, tracheids, and vessels.  A variety of body forms from woody to herbaceous are seen among the angiosperms.   Pollination is often vectored by an animal (e.g., honeybee, humming birds, bats), but also by wind, as is the case for oaks, elms, and grasses.   Seeds are dispersed through a variety of mechanisms (e.g., animal, wind, water).  

During the course of the semester much attention has already been focused on the biology of angiosperms or flowering plants and so these will not be discussed further in this exercise.   Based on the fossil record the gymnosperms predate the origins of angiosperms, though today, the angiosperms are by far the most diverse and prominent land plant on earth.  The following text will focus on the various Divisions that make up the Gymnosperms.
For additional information refer to the text found in Chapter 8 and review the figures given in the photographic atlas (i.e., Figures 8.1 through 8.82 on pages 93 to 113).  Pay particular attention to the life cycles given for Pine on page 99.
A. Kingdom Plantae:  Division Cycadophyta (the cycads)
Cycads are all tropical plants with one genus (Zamia) occurring as far north as Florida.  All cycads are dioecious as each plant possesses one sex or gender and therefore a given plant may be either female or male.  The strobili are quite large and occur on the upper part of the erect stems.  Cycads probably furnished some food for certain dinosaurs that ate plants, as they flourished and formed much of the vegetation at that time.  Some species are known to be long-lived.  For example, within the genus Cycas, members are slow growing and my reach the ripe old age of 1,000 years.  The sperm of cycads are multiflagellate and are the largest in the plant kingdom with a diameter of 300 microns or a third of a millimeter.  The eggs are also large and the egg nucleus may be as large as 550 microns or half a millimeter.   Examine the living specimen of a cycad on display in the laboratory.  

B. Kingdom Plantae:  Division Ginkgophyta (Ginkgo biloba)

The only living species within this division is Ginkgo biloba.  It is considered by many botanists to be a living fossil because it was first described from fossilized material before it was realized that the plant was not extinct but rather extant.  It is questionable whether any of these plants are living in a wild state today (there are reports of a few in eastern China).   This tree has been cultivated for centuries and is widely planted in gardens and parks throughout the world.  Unlike the cycads, this tree grows very tall and may reach heights of approximately 100 feet.  The plants are dioecious with some male and some female plants.  The leaves are diagnostic with a characteristic fan shape.  Although it is a seed bearing plant Ginkgo is often called maiden hair tree due to it’s resemblance to the maiden hair fern.  Pollen originates in loosely arranged strobili.  Sperm are multifagellate and large.  Seeds, which are large and resemble a plum, have a fleshy out layer which can irritate human skin upon contact and emit a disagreeable odour.  The tree is considered deciduous as the leaves drop off each autumn after turning an attractive yellow.  Examine the specimens available in the classroom.  For additional information check the following (and truly impressive) web site dedicated to nothing else but ginkgoes:  http://www.xs4all.nl/~kwanten/index.htm. 
C. Kingdom Plantae:  Division Coniferophyta (e.g., redwood, Ponderosa pine, western hemlock, Douglas-fir, eastern red cedar, cypress)
Conifers all bear seeds in a strobilus (cone).  The seeds are not in an ovary and they do have a fruit.   Most conifers are monoecious as both sexes occur on the same plant, but a few, like the eastern red cedar, are dioecious as there is only one sex on a plant.  In the United States there are several coniferous regions, with Arkansas being in the south-eastern region.  The majority of conifers have simple leaves that are needle- or scale-like.  These plants are basically evergreens, but a few like the cypresses of the south-eastern swamps or bayous lose there leaves each fall.  The cambium is active in conifers and many grow very tall, like the redwoods of California which reach heights of 370 feet.  Some are noted for their old age (juniper - 2,900 years, redwood – 4,000 years, bristlecone pine – 4,600 years).  
Confers (cedar, fir, pine, spruce, etc.) are classified as soft woods, since heir wood is not as tough or resistant as that from hardwoods (flowering trees, such as ash, oak, hickory, etc.).  They all lack vessels in the xylem.  Conifers are valuable of lumber, pulp, resins, etc.   The most important commercial tree in the United States is Douglas fir which is important for lumber and also of plywood.  Ponderosa pine ranks second in importance as a lumber tree.  

PINE – A COMMON CONIFER

I.
ANATOMY

One of the common conifers is pine and we will study its life cycle as representative of the division. Pines belong to the genus Pinus and they have haploid chromosome number of N=12.  Pines possess leaves which are needle-like and usually occur in fascicles (bundles).  Determine the number of leaves (needles) on the pine specimen which is on display in the laboratory.   
Study a prepared slide of the pine leaf (c.s.).  Observe the stomata, the mesophyll, and note the resin ducts or resin canals.  The leaves of pine demonstrate a xerophytic (ability to withstand living under dry conditions) appearance.  In observing the pine leaf, what two features would indicate this condition?   
Observe a cross section of a pine stem and again note the resin ducts or resin canals.  The abundant resins are conducted through the organs in this area.  Resins are used in turpentine, varnishes, etc.  The most important tree for this purpose in the United States is the longleaf pine which occurs in the south-eastern coniferous forest belt.  Does the pine stem have xylem?  Has cork developed on the stem?  Are vessels present?

II. PINE LIFE CYCLE

 The staminate (male) strobili and ovulate (female) strobili are borne on the same plant.  In the male strobilus the microspore mother cells (microsporocyte) undergo meiosis (part of sporogenesis) to produce microspores which develop into pollen grains (the male gametophyte).  When mature, the pollen grains are four-celled with two prothallial cells and a generative and tube cell.  The outer wall of the pollen grain separates and forms wings which aid in pollination.  When the pollen grains are carried by wind to the female strobilus they are in a four-celled state.  After pollination, the pollen grain develops a pollen tube which digests its way through the megasporangium toward the female gametophyte.  The generative cell divides one year after pollination to produce the stalk cell and body cell.  Soon after this the body cell divides to form two non-motile sperm.  The ovulate strobilus is about one year old at the time of pollination.  The megasoporophyll is made up of an ovulferous scale and a bract.  The megaspore mother cell (megasporocyte) undergoes meiosis (part of sporogenesis) about one month after pollination to produce a linear tetrad.  The megaspore that survives is farthest from the micropyle and will take some time to reach maturity produce (the female gametophyte with archegonia).  Approximately one year after pollinate the archegonia mature and the pollen tube reaches the female gametophyte.  At this time, the body cell divides to produce two non-flagellated sperm.  A sperm unites with an egg in the archegonium to produce a zygote.  
The zygote grows by mitosis and differentiation to produce an embryo.  The embryo consist cotyledon s (several in pines), plumule, and hypocotyls.  The seed coat is very hard and bony in pines.  Seeds in pines are mature when the ovulate strobilus is approximately three years old (some pines mature in two years).  The outer part of the seed coat expand to produce a wing and in late winter or early spring the megeagsporophylls open and the seed s flutter to the ground.  Some pines, such as one of the pinyon pines in south-western United States, have edible seeds.   Observe all demonstrations and displays pertaining to pine.    
Kingdom Plantae:  Division Gnetophyta (e.g., Ephedra, Gnetum, Welwischia) 
This division consist of plants which are difficult to taxonomically place.  They have vessels (unlike other gymnosperms) and some have well-developed strobili.  There are three genera, one of which is found in the United States.  Ephedra is common to deserts of the western United States.  Ephedra plants are dioecious as the sexes are separate.  These plants are xerophytes and are brewed as tea.  The drug ephedrine may be obtained from this plant, but is synthesized more commonly in the laboratory.  The sale of the herbal supplement made from Ephedra was banned in the United States in 2004 by the Food and Drug Administration due to health risks, including death, associated with the intake of ephedra alkaloids and ephedrine from these herbal supplements.    
Another member of this group is called Gnetum, which is more tropical in distribution and may be shrubby like Ephedra, but one species, which cultivated in Java, is a small tree (30 feet).  The third genus is called Welwitzschia and represents one of the most bizarre plants known.  It is endemic to the coastal region of Angola and southwest Africa.  Rainfall in these areas amounts to one inch per year and there are some years where precipitation isn’t recorded.  The plant resembles a large bowl or basket with long ribbon-like leaves trailing away.  The plant obtains most of its moisture by absorbing it directly from the air when humidity is high.  

______________________________________________________________________
Weather and time-permitting the following activity may be explored.  Trees represented on the ASU campus mostly consist of gymnosperms and angiosperms.  
CAMPUS FIELD TRIP

I.  KEY TO THE CAMPUS TREES

Many kinds of plants occur on a university campus and some of the more prominent plants are trees.  This laboratory exercise is a quick way to identify some of the common trees on your campus.  This method of identification is by following a process of elimination using a dichotomous key.  The reader is always given two choices and the choice that matches the plant being observed is the one to select.  The reader will be referred to an alphabetical choice such as A, S, or U.  The letter choice may be replaced occasionally by a plant name (hopefully correct) which means the reader has identified the plant.  The common name for the kind of plant is given first and the scientific genus is second.  For example:  Teeth not bristle-tipped...Elm (Ulmus).  

A.  Leaves needle-like or scale-like.....B


B.  Leaves in fascicles (clusters).....C



C.  Five or less leaves per fascicle (cluster).....Pine (Pinus)



C.  More than five leaves per fascicle (cluster).....Cedar (Cedrus)


B.  Leaves not in fascicles (clusters).....D



D.  Needle-like leaves present.....Spruce (Picea)



D.  Needle-like leaves absent, leaves scale-like.....Eastern Red Cedar (Juniperus)

A.  Leaves not needle-like or scale-like, but broad and flat.....E


E.  Fan-shaped leaves present, venation open dichotomous type.....Ginkgo or Maiden Hair Tree (Ginkgo)


E.  Fan-shaped leaves absent, venation net type.....F



F.  Leaves with whorled arrangement.....Catalpa (Catalpa)



F.  Leaves not whorled, alternate, opposite, etc.....G


G.  Plants with opposite leaves.....H



H.  Leaves pinnately compound.....Ash (Fraxinus)



H.  Leaves not pinnately compound, simple.....I



    I.  Margins of leaves entire (smooth).....Dogwood (Cornus)

  

    I.  Margins of leaves not entire, lobed.....Maple (Acer)


G.  Plants without opposite leaves, alternate.....J



J.  Leaves pinnately compound.....K



    K.  Bipinnately compound leaves present.....Mimosa (Albizzia)



    K.  Pinnately compound leaves present.....Hickory and Pecan (Carya)



J.  Leaves not pinnately compound, simple.....L



     L.  Buds clustered at tip of stem.....Oak (Quercus)



     L.  Buds not clustered at tip of stem, scattered.....M




M.  Margin of leaves entire (smooth).....N




N.  Leaves heart-shaped, thin.....Redbud (Cercis)




N.  Leaves not heart-shaped, thick.....Magnolia (Magnolia)




M.  Margin of leaves not smooth, toothed, lobed, etc.....O




O.  Leaves with numerous small teeth on margins.....P




P.  Teeth on margins rounded.....Mulberry (Morus)




P.  Teeth on margins not rounded.....Q




Q.  Leaves narrowed at the base.....R




R.  Teeth bristle-tipped.....Chestnut (Castanea)




R.  Teeth not bristle-tipped.....Elm (Ulmus)




Q.  Leaves not narrowed at the base.....S




S.  Lobes present on leaves.....Sweetgum (Liquidambar)




S.  Lobes absent on leaves.....Linden or Basswood (Tilia)




O.  Leaves lacking small teeth, or teeth large, or leaves lobed.....T




T.  Lobes present on leaves.....Sycamore (Platanus)




T.  Lobes absent on leaves.....Cottonwood, Poplar (Populus)

