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Laboratory 0 Lab 9

Lab 9

Modified Stems and Root Anatomy

Introduction

So far, we have been dealing mostly with "typical" stems.  A general misconception is that stems are above-ground plant parts and roots  are under-ground structures. Rather, stems are structures composed of nodes and internodes [perhaps a good time to review what these structures are]. Stems have lateral (axillary) buds and a terminal meristem (apical meristem). Roots have no nodes or internodes, and no lateral buds. Each root is terminated by a root cap with a sub-terminal apical meristem. 

Exercises

A. Modified Stems

Description of modified stems is confused by the fact that botanists disagree with one another about the definition of some of the terms.  If you were to compare your text with those used by other lab
 sections, you would probably find inconsistencies in stem terminology.

1. Corm

A corm is an underground stem that is fleshy, short, and thick, often to the point of being nearly spherical.  Two plants that produce corms are gladiolus and crocus.

2. Rhizome

A rhizome is an elongate horizontal underground stem.  It functions in food storage, vegetative reproduction, or both.  Some botanists use rhizome and stolon interchangeably.  Others restrict rhizome to underground stems, and stolon to stems that trail along the surface of the ground, such as strawberry runners.  Cattails have under-water (and soil) rhizomes.  Many grasses have underground rhizomes.  Answer Q1 on the answer sheet.

3. Tuber

A tuber is a thickened portion of a rhizome.  Good examples are Irish potatoes or Jerusalem artichokes.  Answer question Q2 on the answer sheet. Compare the irish potato to the sweet potato (in the root portion of the lab). How can you tell that one is a root and the other a stem?

II. Herbaceous Roots

Roots contain most of the same tissues as stems, but with distinctive differences in arrangement and appearance.  As you examine roots, try to answer questions Q3 through Q5 on the answer sheet.



Figure 0‑5.  Root Longitudinal Section.

A. Longitudinal Section

Make a wet-mount of an Agrostis seedling (Fig. ____) and identify the root cap, root apex region and root hairs. Observe a prepared slide of an onion (Allium) root tip longitudinal section and identify the same structures.  As in the Coleus stem, notice the change in cell size back from the apical meristem, but in this case both upwards towards the older parts of the plant and downwards into the root cap. Note that the root cap covers the apical meristem  (which makes it “sub-apical”). Answer question Q6 on the answer sheet.

B. Dicot Root Cross Section

Observe the prepared slide of Ranunculus (buttercup) root cross-sections.  The two sections differ in age.  Use the older one, in which the central cells are thick-walled and red stained, to locate and identify tissues.  Find the following tissues and label them on the mature root section in Figure 0‑6: cortex, endodermis, pericycle, phloem, procambium and xylem.

  The red-stained, star-shaped tissue in the center of the root is xylem, and there is no pith.  Between the xylem arms are patches of green-stained phloem.  All the tissues inside the endodermis are collectively known as the stele.  Between the phloem and the central xylem cells are several rows of green-stained procambium cells that may later form part of the vascular cambium.  An erratically developed tissue, pericycle, occurs just outside the phloem.  It is most likely to be distinguishable at the ends of the xylem arms, also called the poles of the xylem.  Just outside the pericycle is the well-defined innermost layer of the cortex, the endodermis.  Some of the endodermal cells may be sclerified (have thickened, red-stained cell walls).  Others are green and thin-walled.  Each endodermal cell has a band of wax, the Casparian Strip, permeating the wall between it and the adjacent cell.  It is stained red in our material.  In a demonstration slide potato root [not tuber] cross  you can use the Casparian Strip to detect the endodermis through its complete circle in the root section.  The Casparian Strip forces all the water that enters the stele to pass through a living cell, thereby exerting control over what solutes are able to ascend to the rest of the plant.  The cortex outside the endodermis consists of large parenchyma, typically functioning in food storage.  Note what a large part of the total cross section of the young root is cortex.  As in herbaceous stems, the outermost layer of cells is the epidermis.  Unlike herbaceous stems, the root epidermis has no cuticle and is highly permeable to water.

Now look at the section in which many cells have not yet matured.

Answer question Q7 on the answer sheet.

Note which cells have become sclerified in the older root.

Answer question Q8 on the answer sheet.

Figure 0‑6.  Buttercup (Ranunculus) Root.  a. Cross Section.  b. Detail of Stele.

C. Monocot Root Cross Section



Figure 0‑7.  Greenbrier (Smilax) Root Cross-Section.

Observe the prepared slide of a greenbrier (Smilax) root cross-section (Figure 0‑7).  With the help of wall charts, your text, the instructor, and your ingenuity, identify and label the following structures: epidermis, cortex, endodermis, pericycle, phloem, (no procambium), xylem, and pith.  Note especially the differences between this root and the dicot root you just studied:  (1) Monocot roots usually have a pith (dicots do not); (2) monocot roots have many xylem arms; (how many were in the dicot you observed?); (3) monocot roots have no procambium between the xylem and phloem (dicots do); (4) the endodermis is often composed entirely of sclerenchyma in monocot roots; (5) in many monocot roots, the pericycle is several cell layers thick (usually one cell thick in dicots).

D. Branching of Roots

Stem branches develop from buds on the surface of a stem.  Root branches, on the other hand, begin their development well below the surface, usually
 from the pericycle on the perimeter of the stele.  As they grow out through the cortex, they have time to develop the root cap that will provide essential protection when the root emerges and its tip is pushed through the soil.  Observe the prepared slide that shows a developing lateral root (Fig. ____).  Look closely for the exact tissue location of its origin.  Answer questions Q9 through Q11 on the answer sheet.

E. Root Systems

1. Observe demonstrations of taproot and fibrous root systems.  Answer Q12 and Q13. Adventitious Roots

Any plant part that arises at an unconventional place may be referred to as adventitious.  A giant grass like corn, would blow over easily were it not for the prop roots that emerge from the sides of the lower parts of the stem.  Tropical hardwood trees sometimes put out adventitious roots high above the ground to tap minerals accumulated in the debris developed by the eventual death of epiphytes (“air plants”) that grow on their stems.  Observe the adventitious roots that are on display.

F. Modified Roots

1. Haustorium

Observe the demonstrations of whole plants (Fig ____) and the microscope slide (Fig___) of dodder (Cuscuta), a non-photosynthetic parasitic angiosperm.  Study the cross-section of a stem from the host plant.  The small structures penetrating the host are the parasite's haustoria (modified roots, in this case).  Note that the haustorium xylem has become directly attached to the host xylem.  The phloem of the host and parasite is also connected, but the attachment is less obvious.  Be able to identify the parasite, the host, and their parts.

2. Mycorrhiza

In many angiosperm and gymnosperm species a symbiotic relationship develops between the roots and certain species of fungi.  Both organisms benefit.  This symbiotic association of fungi and roots is called a mycorrhiza.  The fungus hyphae may grow between the root cells (ectotrophic mycorrhizae-Fig. ___) or actually penetrate them (endotrophic  mycorrhizae-Fig.___).  On the demonstration slide identify the fungal hyphae within the roots. Answer questions Q14 and Q15 on the answer sheet.

3. Storage Root

Many biennial and perennial plants, such as dandelion, radish and other root type vegetables, accumulate food in their primary root systems.  In some of these plants the enlarged portion is derived partly from the stem and root.  The upper portion of a carrot is derived from the stem.  The dahlia and sweet potato are derived from branch roots.  Answer questions Q16 and Q17 on the answer sheet.  

4. Root grafts

Roots of adjacent trees often grow next to each other. As the roots form a vascular cambium (and cork cambium) they often grow together or form grafts (see the demonstration of root grafts). These grafts allow passage of pathogens from one tree to another and can be a major means of disease dispersal in a forest.

5. Root sprouts

Several tree species reproduce vegetatively by root sprouts. Roots grow out horizontally from the parent tree (often just below ground) and produce adventitious buds that may later sprout and form new trunks. Thus, trees such as aspens and locusts may propagate mainly from root sprouts and only rarely from seeds. [Fig ____Dave, do you have a good slide to show this?]
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Answer Sheet, Laboratory 18

Q1 How can you distinguish a runner or rhizome from a root?

Q2 From what you have learned about stem structure, how would you interpret the “eye” of the potato? How about the “eyebrows”?

Q3 How does the internal anatomy of a dicot stem differ from that of a dicot root?

Q4 How does the internal anatomy of a monocot stem differ from that of a monocot root?

Q5 Can you recognize at a glance at a cross section whether a structure is a monocot stem, a monocot root, a dicot stem or a dicot root? [“No” may be a correct answer, but means you need to find out how.] 

Q6 Describe three major functions of  root caps
.

Q7 What are the differences between these two stages of development?

Q8 On which section is it easier to distinguish between protoxylem and metaxylem
?

Q9 What is the spatial relationship between the xylem of the existing root and the developing branch root?

Q10 Has the root cap formed yet on the branch root tip?

Q11 Is this a monocot or dicot root? How can you tell?

Q12 How do tap root and fibrous root systems differ?

Q13 Under what circumstances might a tap root system be more effective in getting water to a plant than a fibrous root system?

Q14 Is this fungus endotrophic or ectotrophic?

Q15 What could be the consequence of planting pine trees (must have mycorrhizae to thrive) in prairie soil where the symbiotic fungi do not occur? How can this problem be remedied?

Q16 When, during the year, would you expect storage roots to reach their maximum food content?

Q17 When are they likely to reach their minimum food content?
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