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Plant Systematics Laboratory #10

PLANT ANATOMY AND PHYSIOLOGY

Cells and Organelles:  


Chloroplasts:  Place a small leaf of the aquatic plant Elodea in a drop of water on a slide and cover with a cover glass (known as a "wet mount").  Note an individual cell with 1o cell wall, a large central vacuole (the membrane of which is usually invisible), and peripheral chloroplasts.  Note the cytoplasmic streaming (cyclosis).  Draw.

Chromoplasts:  Make a wet mount (unstained) of a small piece of a yellow flower petal.  Observe under high (40x) magnification and draw the chromoplasts, containing variably shaped carotenoid deposits that impart color to the petal.  Draw. 


Amyloplasts (starch grains):  Tease a small piece of potato (Solanum tuberosum) both in a drop of water and in a drop of IKI and mount with a cover slip (or observe ground meristem of Piper stem xs).  Observe the lamellate starch grains, often having a distinctive morphology for each species.  The IKI solution stains starch blue to black in color.  Draw. 


Crystals:  



Observe calcium oxalate crystals in the form of druses (pith & cortex of Aristolochia 1-yr. stem) and needle-like raphides (ground meristem of Cordyline yg. stem l.s.).  What is their function?  Draw. 


Vacuoles:  



Observe tissue from a purple-colored plant part.  Note that the cells are completely filled with a vacuole, which contains either anthocyanins or betalains.  Draw. 

CELL TYPES


Make a hand cross-section of celery (Apium graveolens) petiole. Stain with 0.05% toluidine blue. Note: 

Parenchyma:  From the celery cross-section observe the mostly transparent, live cells comprising most of the tissue of the petiole.  Look for nuclei and (in outer tissues) chloroplasts.  Draw. 

Collenchyma:  From the celery cross-section observe the cells grouped near the periphery of the petiole having the white-glistening, unevenly-thickened cell wall.  What compounds infuse the cell walls?  What is the function of these cells?  Draw. 

Sclerenchyma:  


Fibers:  From the celery cross-section observe note the fiber bundles occurring to the outer side of the vascular bundles.  Note the thick, secondary cell walls of these fibers.  What is their function?  Draw. 


Observe the prepared slide of macerated fiber cells (Yucca smalliana peduncle-macerated).  Note that they are thin, very elongate cells with tapering end walls and thick, secondary cell walls.  Draw. 


Sclereids:  Observe a preparation of cells from the flesh of pear (Pyrus communis fruit).  Note the sclereids, which have a thick, secondary cell wall with numerous simple pits.  Sclereids give the gritty taste to pears.  Draw. 


Vessel elements:  Look at the prepared slide of vessel elements (Quercus alba macerated wood).  Note that they look like little hollow tubes, with perforation plates at each end.  Observe the small pits (what is a pit?) on the side walls.  Try to find vessel elements that are still attached end to end (to form a vessel).  What is the function of these cells?  Draw. 


Sieve tube members:  Look at the prepared slides of sieve tube members (Salix stem XRT, phloem/xylem).  Note that side walls contain groups of callose-lined pores (sieve areas) and end walls have bands of larger pores (sieve plates).  Try to find sieve tube members that are attached end to end (forming a sieve tube).  What is the function of these cells?  Draw. 


Epidermis:  Observe the cross-section of a Cycas leaf and note the epidermis, with a thick, outer cuticle region.  With what is a cuticle impregnated?  What is its function?  Draw. 

Stomates:  Make a wet mount of an epidermal peel of the lower epidermis of availabe material (e. g.,  Coleus, Commelina, or Zebrina.  Observe the stomates (= stomata), containing two guard cells which control the opening (stoma).  These are the only epidermal cells with chloroplasts.  Draw. 


Laticifers:  Observe the live material and the stem longitudinal sections of Euphorbia sp., a plant with a milky latex.  Observe in the slide the laticifers, cells that function in secreting latex.  What is the function of latex?  Draw. 


Resin ducts:  Observe the stem cross section only (appearing round on the slide) of Pinus stem X,R,T sect.  Note the resin ducts interspersed in the wood.  These ducts are lined with epithelial cells that secrete resin into the cavity of the duct.  Draw. 


Laticifers:  Observe Euphorbia stem ls (green box).  Note, in this stem longitudinal section, the tube-shaped laticifers interspersed in the cortex.  These are the specialized cells that secrete latex, economically important as the source of, e. g., rubber.  Draw. 


Tannin cells:  Observe the Sambucus stem c. s.  Note the dark tannin cells interspersed in pith region. 


Oil cells:  Observe the Citrus fruit c.s. &/or a cross-section of a schizocarp of fennel.  Oil cavities are prevalent at the periphery of the pericarp in both.  Draw. 

PLANT ORGANS AND TISSUES

Root:

Root types:  (observe) 


Pistia stratiotes WATER LETTUCE or Hydrocharis morsus-ranae FROG BIT:  Note rootcap, root hairs, and 1o & 2o roots 


Orchid:  Note aerial roots

Zea mays CORN:  Note prop roots  . What is their function?  


Root growth:  Look at the prepared slide of a root longitudinal section (e. g., Ranunculus or Elodea root tip).  Note the root cap and apical meristem (region of cell division).  Observe that cells elongate as they mature (region of cell elongation). Check off terms of ROOT handout.  


Root mature structure:  Look at the root cross-section of a eudicot (e. g., Ranunculus older root mat. metaxylem) [optionally, of a monocot, e.g., Smilax mature root].  Note epidermis, cortex (with starch grains), endodermis, pericycle, xylem, and phloem.  In particular, note the suberized Casparian strips of the non-lignified endodermis.  What is their function?  In eudicots the xylem is structured as fluted ridges (appearing as "arms"); in monocots there are numerous xylem "arms" and a central, lignified pith region.  Phloem strands alternate with xylem "arms" in both dicots and monocots.  Check off terms of ROOT handout.  

Shoot:  


Look at the prepared slide of a shoot longitudinal section (Coleus stem tip).  Note apical meristem, leaf primordia, bud primordia, and young vasculature.  Check off terms of SHOOT handout.  

Stem:  


Make a hand-section or observe a prepared slide of a dicot stem, e. g., Coleus and stain with 0.05% toluidine blue (or use prepared slides of Helianthus mat. stem).  First, note the tissue regions:  epidermis, cortex, single ring of vascular bundles, and pith.  The epidermis contains a thick, suberized cuticle.  Just beneath the epidermis are 3-4 layers of collenchyma, characterized by having pectic-rich (appearing glistening white), unequally thickened cell walls.  Note, from the l.s. that these are elongate cells, functioning in structural support.  The bulk of the cortex is parenchyma cells, including the peripheral chloroplast-containing chlorenchyma.  The vascular bundles contain xylem to the inside and phloem to the outside.  The xylem is comprised of lignified tracheary elements (vessels and/or tracheids); phloem is made up of non-lignified sieve tube members and companion cells.  Fibers are located in groups touching and to the outside of the phloem, in "bundle caps."  Check off terms of STEM handout.  


Make a hand cross-section or observe a prepared slide of a monocot stem, e. g., Commelina or Zea.  Stain with IKI and note the starch grains present in the parenchyma cells.  Note the numerous, scattered vascular bundles.  Each bundle maintains the orientation of xylem and phloem.  The vascular bundles tend to have a large lacuna (hole) where the xylem first differentiates ("protoxylem").  Check off terms of STEM handout.  

Leaf:  


Observe the prepared slide leaf cross-section of Ligustrum.  Note upper epidermis, palisade mesophyll, spongy mesophyll, lower epidermis (with stomata), and vascular bundle (vein).  The vascular bundle contains phloem below and xylem above (when the slide is correctly oriented).  Check off terms of LEAF handout.  

Wood anatomy:

Wood is technically 2o xylem, derived from the vascular cambium.

Observe the demonstration of different cuts of wood:  


Transverse (Cross) -- Identify annual rings, pores (vessels), rays.


Radial -- Note that annual rings are still visible and that rays appear as horizontal lines or bands.

Tangential -- Note that annual rings (because cuts are not perfectly even) appear as dark wavy loops and that rays appear as short vertical lines.Note the ring-porous wood of oak
PINE (Pinus sp.) stem cross-section

Note 2o xylem, 2o phloem, annual rings, rays, tracheids, and resin canals.  How old is this stem?  Draw.
PINE (Pinus sp.) wood XRT

Be able to distinguish between and identify the type of cut of the three types of sections.  Identify 2o xylem, annual rings, tracheids with circular bordered pits, rays, and resin canals in all three sections.  (The resin canals are lined with epithelial cells that secrete resin into the cavity of the canal.)  Draw.
BASSWOOD (Tilia sp.) stem cross-section

Note 2o xylem, 2o phloem, annual rings, rays, vessels, fibers.  How old is this stem?  Draw.
BASSWOOD (Tilia sp.) wood XRT

Be able to distinguish between and identify the type of cut of the three types of sections.  Identify 2o xylem, 2o phloem, annual rings, rays, vessels, and fibers in all three sections.  Draw.
Dendrochronology:


Count the number of annual rings of the sectioned log on demonstration.  Note that the wood to the outside is lighter sapwood, that toward the center is darker heartwood (because of deposition of tannins, resins, lignin, and/or gums).  Note also that the width of annual rings varies.  The wider the ring, the greater amount of growth during that year.  Annual rings to the center of the stem tend to be wider, as growth is generally greater in the sapling stage.  Annual rings will also be wider during favorable conditions (e.g., plentiful rainfall, sunlight, etc.).  Thus, a history of climate can be deduced from the wood.  From samples of wood of the southwestern U. S., this has been used in confirming sunspot cycles.

Paper:


Note specimens of PAPYRUS (Cyperus papyrus), an  ancient source of paper.  Flax (Linum usitatissimum) is also used to make paper, esp. cigarette papers and bank notes.  


Today, 90% of all paper is derived from wood (2o xylem) pulp.  Take a very small piece of newspaper and make a wet-mount microscope slide, teasing the paper apart in a drop of water.  Draw.  Note that paper is composed of a mat of "fibers," which can be true fiber cells, tracheids, or vessels (usually tracheids).  If these are tracheids, can you see the circular bordered pits?

Cork:
Cork is derived from the outer bark of Quercus suber, the CORK OAK tree.  Make a thin cross-section of a cork and prepare a wet-mount.  Note the cubical cells, devoid of any living contents.  (Robert Hooke first coined the term "cell" from observing cork tissue.)  All that remains is the cell wall, which is heavily impregnated with suberin, a very water resistant compound.  Draw.
WOOD FORENSICS

The Case


A crime has been committed ... the vicious murder of Jack McCaw.  

You are a famous, Nobel prize-winning botanist, an expert in wood and plant fibers.  The police bring you samples to identify that may help to nab the criminal.  

The First Sample


The first sample is a tiny fragment of wood, found in the skull of the murder victim.  Determining the identity of this wood could be vital to identifying the murder weapon ... and the murderer!  


From the sample of wood given to you (already XRT sectioned by your lab technician), determine the plant genus, using the key below.  Then, verify your answer with named samples of the wood.  

1. Wood porous, = with vessel elements (having perforation plates), lacking circular bordered pits


2. Wood ring porous (having large vessels in spring wood, small ones in summer wood)



3. Wood rays both multiseriate (with ∞ vertical columns of cells) and uniseriate 




(with 1 column of cells) 
 Quercus (oak) (2)


3' Wood rays mostly biseriate, = having 2 vertical columns of cells 
 Fraxinus (ash) (3)

2' Wood not ring porous; vessels in spring and summer wood of similar size 
 Salix (willow) (4,6)
1' Wood non-porous, = lacking vessels, having only tracheids, with circular bordered pits 




[Note: resin canals can falsely appear to be vessels but are not conductive.]  


4. Wood with numerous resin canals; rays mostly uniseriate, some multiseriate and associated with 



resin cells 
 Pinus (pine) (1)

4' Wood without resin canals; rays mostly 1-2-seriate 
 Sequoia (redwood) (5)
From this information, infer the murderer, given this information:  

A. Professor Plum possesses a cane, inherited from his father, made of solid oak. (2)
B. Mister Green has a collection of baseball bats, made of ash. (3)
C. Colonel Mustard has in his possession a club made of pine wood. (1)
D. Misses Peacock has a hand-carved Indian relict, made of willow wood. (4,6)
E. Miss Scarlet has a fine vase, made of beautiful redwood. (5)
You testify in court, presenting the evidence.  Who is implicated as the murderer?  

ADDENDUM:  

Material dissection and preparation:

A wealth of information can be gained by careful dissection and observation of plants.  Look first at the outer form of the plant, noting the basic plant organs (root, stem, leaves, buds, flowers, fruits) and specific aspects of these organs.  Gently pull apart the plant organs to better see their morphology.  For flowers and fruits, use both your hands and naked eye and dissecting needles under a dissecting scope to examine the components.  


Careful anatomical studies usually involves time consuming embedding and microtome sectioning.  However, a simple technique of hand sectioning with a razor blade will allow you to see considerable detail of cell and tissue anatomy.  Stout material, such as an herbaceous stem, can be held upright in the left hand between thumb and index finger (assuming you are right-handed).  More flimsy material, such as a leaf, can be sandwiched between two small pieces (cut only slightly larger than the material) of styrofoam; the end is moistened and both styrofoam and plant material are sectioned together.  In either case, rest the side of the razor blade on your index finger and position your thumb a bit lower (so that if you do slip, you won't cut yourself).  There are tricks of the trade to successful sections:  


1) As you cut, move the razor blade toward you, as well as across the material; thus, the cut is somewhat diagonal.  


2) Make an initial cut to level off (discarding this piece) and then make several thin slices, keeping the sections on the razor blade until they get too crowded; then, transfer the sections to water in a Syracuse dish or petri plate.  Clean your razor blade and make a few more sections.  


3) Select the thinnest sections, pull out with a brush, and place in a few drops of stain in another dish.  After staining, rinse your sections very briefly in water and place in a drop of water or (for a semi-permanent mount) 50% glycerol.  Cover with a cover slip, avoiding air bubbles and adding more fluid to the side if necessary.  


Most important is to make those sections THIN!!  Although you will want at least one complete section, other sections may be partial, as long as they are thin.  Clean your razor blade afterward and you may reuse it.  


For tough, fibrous or woody tissue place lie the material down on a plastic petri plate and make downward slices with your razor blade.  This same technique can be used with softer, small plant material if it is sandwiched between two layers of Parafilm and the material sectioned in a "dicing" motion.  


The following are some "vital" stains (i.e., used with live material):  



Compound for which 


Stain
 stain is specific 
Color





Alcian blue
Pectins
Blue


Aniline blue
Callose
Blue 




(UV-fluoresces Yellow)


IKI
Starch
Blue to black


Phloroglucinol/HCl
Lignin
Red (NOTE:  Takes 




   sev. mins. to react)


Sudan III or Sudan IV
Oil droplets
Reddish


Toluidine blue
Metachromatic (will stain a 



  variety of cell walls different 



  shades of blue/green):



Lignified tracheary elements 
Dark blue



Sclerenchyma 
Blue to blue-green



Parenchyma
Light blue 



Collenchyma
Reddish-purple



Sieve tubes and companion cells
Greenish



Callose/Starch
Unstained

Drawings:  Making careful drawings not only gives you a record of what you observe, it also helps you become a careful observer.  When "forced" to draw it, you often see more than you otherwise would.  

Make drawings with a #2 or #3 hard lead pencil.  Draw the outlines of organs or tissues (e. g., of a root cross-section) at low magnification to record the overall structure.  Then draw a portion of the whole (e. g., a "pie slice of the root section, showing some of the individual cells of a vascular bundle) to show details.  

