Forestry and Natural Resources

Unit 1:  Plant Biology

Unit 15: Plant Biology

Lesson 4:  Vegetative Parts of a Plant

Characteristics of Leaves

Duration: One Hour

Students will be able to:

1. List the vegetative parts of a plant, including roots, trunk and crown.

2. Describe the functions of these parts.

3. Identify the different types of leaf margins, leaf shapes, and other characteristics of leaves.

4. Sketch and name four types of leaf arrangements  (i.e., alternate, opposite, whorled, basal).

Suggested Learning Activities:

15.2A
Classifying Plants Laboratory:  Student groups design and implement an experiment using the scientific method in which each group investigates one of the following: translocation, transpiration, photosynthesis, chlorophyll formation, germination, nutrient deficiencies, soil textures, or respiration.  Student groups make an oral presentation to the class describing their hypothesis, design, results, and conclusions.

Teaching Outline

I. 
Plant (tree) parts and functions

A.
Roots

1. 
Absorb water and nutrients

2. 
Give anchorage

3. 
Store food

4. 
Conduction

5. 
Root respiration

B. 
Tree trunk 

1. 
Conduct chemicals and nutrients dissolved in water (sap) to branches and leaves

2. 
Storage area for some plant food

3. 
Supports the whole crown

4. 
Relative market value

5. 
Damage, disease, invasion

C. 
Crown (leaves)

1. 
The chief function of the leaves is to manufacture food; this process of food manufacture is called photosynthesis

2.
Leaves come in many shapes, including flat, whorled, convex, and needle-like

3. 
Leaves are arranged either alternately, opposite each other, or whirled

4. 
A typical leaf contains a leaf blade, a petiole, and a node where it is attached to the stem

5. 
The surface layer of a leaf is called the epidermis

6. 
Chlorophyll is the rich green substance in leaves which enables them to produce food

a.
In the process of photosynthesis, water is made available through the roots, and carbon dioxide through openings in leaf called stomata

b.
Water is transpired (lost) into the air through the stomata

7.  
The veins in leaves are like those in animals. They transport food and nutrients to various locations in the plant

II.
Characteristcs of Leaves and Leaf Surfaces

A. 
Role of foliage in taxonomy: The leaves of plants play an important role in their identification. 

1. 
The form and appearance of leaves is often used as a criterion to separate species from each other within a genus. Sometimes the genera themselves are separated using foliage as a determining factor.

2. 
From the standpoint of the working horticulturist, foliage has more practical value than most other plant parts for identifying the various species he or she works with. Foliage, unlike most flowers or fruit, is present on the plant for most, if not all, of the year. Also, the leaves are usually easy to recognize and require less specialized knowledge and equipment to observe than, for instance, ovarian structure.

B. 
Deciduous vs. evergreen plants: One important distinction between plants is based on how long they bear their leaves.

1. 
Deciduous: Plants that drop all of their leaves during one part of the year, usually the winter. An example is the Japanese Maple, Acer palmatum.

2. 
Evergreen: Plants that have foliage on their branches all year around, such as Camellia japonica or Photinia X fraseri. Note:  Many evergreen plants lose all of the previous year's foliage each year, but the new leaves emerge before the old leaves drop.  An example of such a plant would be Quercus suber, the cork oak.

3. 
Semi-Deciduous: Some plants are apt to lose most or all of their leaves, yet under certain conditions will keep some foliage throughout the dormant season. This is often dependant on the climate in which the plant is being grown. Such plants are termed semi-deciduous. An example is the Weigela shrub, which is deciduous in cold climates, but holds some of its foliage in mild climates.

C. 
Leaf Arrangement: The placement of leaves (and the accompanying lateral buds) in relation to one another on a plant's stem. (Note: Twig and branch arrangement of a plant is influenced by its leaf arrangement because of the placement of lateral buds.) (TM p 28)

1. 
Alternate: Leaves are borne singly at each node. Oak trees (Quercus spp.) have alternate leaves.

2. 
Opposite: Leaves are borne two at each node, and are situated across the stem from each other, on opposite sides. Maples and lilacs (Acer spp. and Syringa spp.) have opposite leaf arrangement.

3. 
Whorled: With three or more leaves arranged in a circle around a stem. Sweet woodruff (Galium odoratum) has whorled leaves. This term can also be applied to other structures besides leaves (i.e.,  flowers, branches). Many plants that appear to have a whorled arrangement of leaves are actually alternate, with the nodes set very close together (reduced internodes). An example of this is among the Rhododendron spp.

4. 
Basal: With the leaves arising from the base of the plant, as with the Agapanthus or the Agave. On close inspection, basal leaves are usually attached in an alternate fashion, but as with many whorled plants, have severely compressed internodes, yielding the appearance of all leaves arising from one place at the base of the plant.

D. 
Parts of the leaf: To identify leaf types, we must first know the different parts of the leaf. Different groups of plants have different terms associated with their leaf structures. (TM p 24)

1. 
Conifers: While a smaller group than the broadleaf plants, the conifers are extremely valuable and widely used in ornamental plantings, especially in the cooler climates. Some special terms relative to their foliage:

a. 
Scales: Flat, sessile leaves, usually minute, which overlapeach other. Scale leaves are observed on junipers, cypress trees, Thuja spp. and a number of other important conifers.  Scale leaves usually remain on the plant for several seasons, and cover the twigs before they die and fall off.

b. 
Needles: Long narrow, sometimes flattened, leaves which end in a (more or less) sharp point. Pines, spruce, and true fir all have needle leaves. 

c. 
Fascicles: Close bundles or clusters of needles, as in many pines and the true cedars. Pines can often be identified by the number of needles in each fascicle. An example is the Japanese black pine which has two needles per fascicle.

2. 
Grasses: Ornamental grasses, in addition to turf grasses, are becoming more popular in landscape plantings. Also, the many grass weeds we encounter in the landscape make their proper identification important. Some plant parts that help us to identify grasses follow. (Refer to Hartmann, Flocker, and Kofranek, p. 457, for further explanation and illustration.)

a. 
Blade: The expanded, flat portion of the grass leaf. The tip of the blade is either pointed, rounded, or boat-shaped, appearing partly folded.

b. 
Sheath: Part of the leaf that surrounds the stem.

c. 
Collar: The region of the leaf where the blade meets the sheath.

d. 
Ligule: A membrane or tuft of hairs growing out of the collar.  The presence or absence and form of a ligule helps distinguish different types of grasses.

e. 
Auricles: Extensions of the collar which "clasp" around the stem; these are not present in all grasses.

3. 
Broadleaf plants: Note: While most broadleaf plants have wide, broad leaves, some have leaves of a narrow or needle-like appearance. An example is the pink breath of heaven, Coleonema pulchrum. These plants are classified as broadleaves because  of other morphological and physiological characteristics which place them in the Dicotyledon subclass.) Some or all of the following terms are applied to the vast majority of horticultural specimens

a. 
Simple leaves are of one continuous leaf surface, not divided into separate segments (TM p 26). They are composed of the following  parts:

i.. 
Blade: The broad, flat part of the leaf.

ii. 
Midrib: The large central vein running down the center of the blade. Not all leaves have midrib veins.

iii. 
Veins: The network of vascular tissue providing support and vascular transport throughout the blade.

iv. 
Petiole: The stalk to a leaf blade or to a compound  leaf. The petiole attaches at the node. Leaves lacking petioles, with the blade attaching directly to the stem, are referred to as sessile.

v. 
Stipule: A usually fleshy appendage at the base of the petiole or leaf. Willows and sycamores (Salix spp. And Platanus spp.) often display stipules.

b. 
Compound leaves have all the parts that simple leaves have, but they are composed of many smaller leaflets, each resembling a complete leaf in and of itself. To distinguish a compound leaf from a simple leaf, look for an axillary bud at the base of the blade or petiole. If there is no growth bud, the leaf is compound, and the blade you are looking at is actually that of a leaflet. Compound leaves, additionally, have the following parts:

i. 
Rachis: The central elongated axis to a compound leaf which is roughly comparable to the midrib of a leaf blade.

ii. 
Petiolules: The stalk attaching the leaflet to the rachis in a compound leaf.

E. 
Types of Compound Leaves

1. 
Palmate: With the leaflets attached at one place at the base, as in the buckeye (Aesculus spp.) or the hickory (Carya spp.).

2. 
Pinnate: Having the leaflets on two opposite sides of an elongated axis, as in the Oregon grape (Mahonia aquifolium) or the silk tree (Albizia julibrissin).

a. 
Odd Pinnate: With an odd number of leaflets, one at the tip.

b. 
Even Pinnate: With an even number of leaflets, and paired at the tip.

3. 
Decompound: Compound more than one time, with leaflets themselves divided into yet smaller leaflets. Most often the case with pinnate arrangements.

a. 
Bipinnate: Twice compound, as in Acacia bailayana.

b. 
Tripinnate: Three times compound. Rare, as in Nandina domestica. Some ferns exhibit this characteristic.

4. 
Trifoliate: Having three leaflets. Mexican mock orange (Choisya ternata) is a good example of a plant with ternate leaves. (Note the botanical name: "Ternate" is often used in lieu of "trifoliate.")

F. 
Leaf venation: The way leaf veins are arranged within the blade help to identify the plant it is from. (TM p 23)

1. 
Parallel: With the veins running along side of each other, in a parallel fashion, as in Agapanthus spp. and tulips.

2. 
Palmate: With the veins attached at one place at the base, as in the maples (Acer spp.) and the geraniums (Pelargonium spp.).

3. 
Pinnate: Having the veins arise from two opposite sides of an elongated midrib, as in the Hydrangea spp. or the loquat trees (Eriobotrya spp.).

4. 
Netted: With the fine veins joining together in a netted pattern like a fishing net. Oak leaves are net-veined.

G. Leaf 

H. : This refers to the general outline of leaf, disregarding the nuances of the margin, leaf base, and leaf tip. If you squint your eye and look at the blurry, overall appearance of the leaf, this is the shape that is described by the terms below. (TM p 27)

1. 
Linear: Narrow and flat with sides parallel, like a grass leaf blade. Big blue lily turf (Liriope muscari) has linear blades.

2. 
Lanceolate: Lance-shaped. Several times longer than wide, broadest toward the base, and tapering to the apex. Salix spp. (willow trees) usually have lanceolate leaves.

3. 
Ovate: Egg-shaped in outline, attached to the petiole at the broad end. Vinca major (periwinkle) is an example.

4. 
Orbicular: Circular in outline. The silver dollar gum (Eucalyptus polyanthemos) exhibits orbicular leaves in its younger stages of growth.

5. 
Elliptic: Widest in the center, with the tip and apex equal in shape; it can be narrow or broad. Oleander (Nerium oleander) leaves are narrowly elliptic.

6. 
Deltoid: With a triangular shape, like the Greek letter Delta, attached at the center of one side. Populus nigra 'Italica', the Lombardy poplar, has deltoid leaves.

7. 
Reniform: Kidney-shaped, usually attached at the center of the incurved side. An example is Cericis spp. (redbud).

H. 
Leaf apices. The apex, or tip, of a leaf is considered that portion from half-way up the blade to the end of the leaf. Examples of apex shapes include:

1. 
Acute: Tapering to the apex with the sides straight, or nearly so. Abelia X grandiflora, the glossy abelia, has acute leaf tips.

2. 
Obtuse: Blunt or rounded. An example is the Pacific madrone, Arbutus menziesii.

3. 
Cuspidate: Tipped with an abrupt, short, sharp, firm point. The rubber plant (Ficus elastica) often exhibits a cuspidate apex.

4. 
Retuse: A rounded apex with a shallow notch. The Japanese boxwood (Buxus microphylla var. japonica) has a retuse apex.

I. 
Leaf bases. The base runs from halfway down the blade to the point where the petiole attaches to the blade. Some common leaf bases follow:

1. 
Obtuse: Blunt or rounded, in this case applied to the base.  An example is the big-leaf hydrangea, Hydrangea macrophylla.

2. 
Cuneate: Wedge-shaped; narrowly triangular. The Brisbane box, Tristania conferta, has a cuneate base.

3. 
Truncate: Appearing cut off in a square manner, as if with a straight blade. An example would be the Betula spp. (birch trees). This term can also be applied to the leaf apex.

4. 
Oblique: Attaching unequally on either side of the midrib. Leaflets of the blue elderberry (Sambucus caerulea) are frequently observed with an oblique base.

J. 
Leaf Margins. Margin is the term we apply to the edge of the leaf blade. Some common leaf margins include (TM p 25):

1. 
Entire: Without teeth or lobes, smooth. Examples would include most rhododendrons and Callistemon citrinus, the lemon bottle brush.

2. 
Serrate: With sharp teeth directed forward, in the manner of a saw. The fruitless mulberry, Morus alba 'Fruitless' is a good example.

3. 
Dentate: Toothed, with the teeth directed outward. Sometimes the  term is used for any large teeth. The hollies (Ilex spp.) have  dentate leaves of varying degrees.

4. 
Crenate: Toothed, with teeth rounded at the tip. The term is used  to describe a margin which appears scalloped. One famous plant with a crenate margin is poison oak, Rhus diversiloba.  Scarlet sage (Salvia splendens) is also an example.

5. 
Lobed: Bearing rounded segments which are cut no more than halfway to the base or midrib of the leaf. The term is used rather loosely, and lobed leaves can be quite variable in appearance. Examples include many maples, including the Japanese maple (Acer palmatum), the California sycamore (Platanus racemosa) and the Transvaal daisy  (Gerbera jamesonii).

6. 
Parted: Deeply lobed, over halfway to the base of the leaf or to the midrib; nearly compound. Examples are the pin oak (Quercus palustris), and the laceleaf Japanese maple (Acer palmatum 'Dissectum').

K. 
Modified Leaves: In many cases, leaves develop into specialized structures which, on first inspection, do not resemble leaves at all.  These usually have some special purpose besides, or instead of, photosynthesis. Some common leaf modifications include:

1. 
Bract: A usually showy modified leaf situated near a flower or inflorescence. They often act as petal substitutes. Bougainvillea spp. and the poinsettia (Euphorbia pulcherrima) exhibit colorful bracts which most people think of as the flowers.

2. 
Spine: Many plants protect themselves with spines that have evolved from leaves or leaf parts (stipules, dentate margins).  The cacti provide many examples of this development.

3. 
Tendril: This is a slender growth, often found associated with a leaf in lieu of a stipule, which aids in the support of the plant. Many vining and climbing plants have tendrils, examples being the passion vines (Passiflora spp.) and the lavender trumpet vine (Clytostoma callistegioides).

4. 
Carniverous leaf: Some leaves have taken on highly specialized forms to enable them to trap and digest insects and other small animals, to improve the plant's ability to obtain nutrients, primarily nitrogen. These are highly variable in appearance. Examples include the cobra lily (Darlingtonia californica) and the Venus's-flytrap (Dionaea muscipula).

5. 
Succulent leaf: Modified to store large quantities of moisture and photosynthates, succulent leaves often have a smooth, swollen appearance. The jade plant (Crassula argentea) has succulent leaves, as do the cacti.

6. 
Phyllode (modified petiole): Leaflike structures originating from the petiole. They are flattened, with parallel veins. Acacia melanoxylon, the blackwood acacia, many other acacias and some related Fabaceae  (Leguminosae) exhibit phyllodes in their adult  phase.

L. 
Leaf Surfaces: The appearance or texture of a leaf surface gives a plant much of its color or textural characteristic, and is a useful identifying feature.

1. 
Glabrous: No hairs present; smooth. Camellia spp. and Photinia spp. exhibit glabrous foliage. 

2. 
Glaucous: Covered with a whitish or bluish waxy covering, much like the "bloom" seen on grapes. This should rub off, but the term is loosely used for any whitish surface. Picea pungens 'Glauca', the Colorado blue spruce is a classic example of a plant with a glaucous leaf (needle).

3. 
Viscid: Sticky or gummy to the touch. Some Mimulus spp., the monkeyflowers, have viscid leaves.

4. Pubescent: Generalized term for any leaf surface which is hairy. There are terms to describe many kinds and degrees of hairiness, but for the sake of brevity, pubescent can be used to cover most of these. Lonicera japonica (Japanese honeysuckle) and Centaurea cineraria (dusty miller) both have pubescent leaves.
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Simple and Compound Leaves
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Leaf Shapes
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Arrangement of Leaves on the Stem
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