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I.  Seeds.

Introduction

A seed is a matured ovule and its major functions include protecting the young sporophyte, the embryo, during dispersal, allowing it to pass through a period of unfavorable environmental conditions in a dormant stage, and providing stored food for the embryo until it can obtain its own food.

A fruit is a matured ovary and its major function is effective dispersal of the seed or seeds contained within it.  Another of the important reasons for the success of the angiosperms is their great diversity of fruit types and strategies for dispersal compared to the gymnosperms which lack true fruits and which rely primarily on wind for seed dispersal.

Exercises

A.  Ovule and Seed Development

As noted in the preceding chapter dealing with angiosperms and their flowers, the base of a pistil is called the ovary and it contains one or more ovules.  Pollen grains germinate on the stigma of the pistil following pollination, and the pollen tubes grow through the style and the micropyles (opening) of the ovules.  One pollen grain and pollen tube is required for each ovule destined to become a seed.  Two sperm enter the megagametophyte (or embryo sac) from the pollen tube.  One sperm fuses with the polar nuclei to initiate formation of the endosperm and the other sperm unites with the egg nucleus to form the diploid zygote: the first cell of the new sporophyte plant.

1.  Young Embryo Stage

Most parts of the ovule(s) enlarge over the next several days.  The primary endosperm nucleus divides repeatedly while a supply of stored food contributed by the parent plant is accumulated.  Meanwhile the one-celled zygote divides many times forming a young embryo seedling.  Examine a slide of a young seed of shepherd’s purse (Capsella) on demonstration and note that the embryo is confined to the portion of the ovule near the micropyle.  It consists of a narrow row of cells called the suspensor, plus a wider embryonic root-stem axis.  A lobe of tissue projects forward on each side of the axis.  These two lobes are young cotyledons.  The remainder of the interior of the young seed is only sparsely filled with endosperm.

2.  Mature Embryo Stage

After a few more days the seed matures.  The integuments harden to become the seed coat, the endosperm becomes more dense containing more stored food, and in many species the cotyledons begin to absorb the food from the endosperm.  Examine a slide of a mature seed on demonstration and find the parts of the seed.  The portion of the embryo's seed-root axis below the cotyledons consists of hypocotyl and the radicle; the portion above the cotyledons attachment is scarcely developed at this stage but will eventually consist of the epicotyl (plumule).  Note the suspensor cells between the radicle and the seed coat which pushed the developing embryo up into the endosperm.  Note also the funiculus which is the connecting stalk between the ovule (or seed) and the wall of the ovary (or fruit) through which food is passed to the ovule.  Label Figure 16–1.



Figure 16–1.  Dicot Seed Development.  a. Early Growth of Embryo.  b. Mature Embryo.

B.  Mature Seeds

1.  Legume seeds

Examine a pea or a garden bean.  Note the elliptical scar, called the hilum, which marks the former point of attachment of the funiculus.  A very small opening, the micropyle, occurs near it.  It represents the opening in the ovule through which the pollen tube had entered, and it will admit water as an initial step in germination.  Remove the seed coat.  They have digested and absorbed the stored food from the endosperm.  Two cotyledons are found characteristically in dicot seeds.  Locate the hypocotyl and epicotyl portions of the embryo axis.  The embryonic root region below the hypocotyl is the radicle.  The area above the cotyledon which bears tiny leaves may be called the plumule.  Label Figure 16–2.

2.  Grain Seeds

Examine corn kernels and make a longitudinal cut through the flat side of one.  Add iodine solution (IKI) to stain the tissue.  The majority of the interior of the seed consists of endosperm with the embryo at the base and along one side of the seed.  The largest part of the embryo is the scutellum, which may be interpreted as the single cotyledon of this monocot seed.  The embryo axis is offset to the side, with the radicle surrounded by a conical sheath called a coleorhiza and the epicotyl by a conical sheath called the coleoptile.  Label Figure 16–3.  Compare your sectioned kernel with the prepared slide on demonstration.



Figure 16–2.  Bean.  a. Fruit.  b. External View of Seed.  c. Cross Section of Seed.



Figure 16–3.  Corn Fruit and Seed.  a. External View.  b. Cross Section.  
3.  Castor Bean



Figure 16–4.  Castor Bean.  a. Fruit.  b. Seed, External View.  c and d. Seed Cross Sections.  

Examine the castor bean seed and make a longitudinal cut if sectioned seeds are not provided.  This seed also contains considerable endosperm.  The embryo lies near the middle of the seed and consists of a short root-stem axis plus two large but very thin cotyledons.  The pulpy knot at the bottom of the seed is the caruncle.  It aids in imbibing water prior to seed germination.  Label Figure 16–4.

C.  Seed Diversity

Seeds vary greatly in size and shape.  The tiny, almost microscopic, seeds of orchids lack endosperm and are adapted for being carried by wind currents among tree branches where the majority of orchids grow.  The largest seeds are those of certain species of coconut which weigh up to 40 pounds and are adapted to withstand long journeys on ocean currents and contain sufficient stored food to establish a large seedling on storm-washed beaches.  Another remarkable seed type is found among mangroves.  Mangroves represent several different groups of shrubs which grow at the ocean shore with branches extending over the water.  The seedling never becomes dormant, but grows through the seed and fruit coat.  The whole unit drops into the water and drifts with the currents; when it is stranded at low tide the root takes hold quickly to anchor it before the high tide returns.

Seeds which are dispersed separately, leaving the fruit behind, tend to be light-weight, winged, or to have hairs (such as in milkweed).  Those which stay within the fruit for dispersal are more variable and their shape is usually determined by the shape of the fruit and the manner in which the seeds are packed together.

II.  Seed Germination

Introduction

Nearly all seeds become dormant as the seeds and fruits approach maturity.  In dormancy physiological activities are greatly reduced, growth ceases, and the seed is substantially dehydrated.  Dormancy lasts through dispersal and until the seed germinates or loses its viability (dies).  Seeds vary greatly in their period of dormancy and viability, from a few days, to a century or more, depending in part on the nature of the seed and in part on environmental conditions.

Exercises

A.  Seed Dormancy and Conditions for Germination

The embryo within a dormant seed is alive (viable) but in a kind of suspended animation; it does not grow and the rate of metabolic activities is very slow.  A dormant seed may remain viable and still not germinate and grow because of either external or internal conditions.  A seed which is dormant due to external factors will germinate if simply given the proper moisture, aeration, and growing temperature required by the species.  As an example, a garden pea seed is dormant in the hard, dry state, but once it is watered in a well aerated soil at a suitable temperature, it will germinate and grow.

On the other hand, the dormant seeds of some species will not germinate even if given suitable external conditions; in these seeds internal factors prevent germination and growth.  There are several kinds of seed dormancy due to internal factors.  In the simplest case, an embryo may be immature; in time the embryo will mature and the seed will germinate (when the external factors of water, air, and temperature are suitable, of course).  Another easy example to understand is the presence of a hard seed coat which prevents the entry of water and air into the seed.  Dormancy in these seeds is broken when the seed coat barrier is broken (scarification).  In nature, the seed coat may be broken by enzymes produced by soil microorganisms, by passing through the digestive tract of an animal, by alternating low and high temperatures, or by the abrasive effects of being water- or wind-borne across rocks.  Fire is yet another natural scarifying agent.  In the laboratory we can scarify seeds with hard coats by damaging the seed coat with a knife, razor blade, file, by using sandpaper, or by soaking the seeds in hot water or acid for short periods of time.

In other seeds, dormancy is due to the internal concentrations of natural chemical inhibitors.  In some of these seeds, the inhibitors may be present in the seed coat; rain water is required to leach the inhibitor from the seed coat.  The amount of water required would depend on the water solubility of the chemical and its concentration in the seed coat.  In other cases, chemical inhibitors are present in the embryonic tissues and are not leached out by water.  Some of these seeds require a cold period (the winter) before they will germinate when favorable external conditions return in the spring.  Data obtained with some seeds that require a cold period for germination (stratification) indicate that after the cold requirement is met, the embryo is capable of producing enzymes which synthesize germination stimulators (e.g.  gibberelliins) and/or break down inhibitors.  The most widespread, naturally occurring chemical inhibitor in flowering plants is abscisic acid.

The length of time that a seed can remain viable and dormant varies greatly with the species and the external conditions.  The typical life span of wild seeds ranges from 10 to 50 years.  However, the percentage of germination may decrease dramatically with time.  For example, Kentucky bluegrass seeds have an initial germination rate of 91% (91 out of 100 seeds will germinate when the external and internal conditions are suitable).  After 30 years, some of these seeds are still viable, but only 1 out of every 100 seeds will germinate.  Examples at the extremes may also be found.  After only one year, the germination rate of wild oat seeds drops from 70% to 9%.  At the other extreme, arctic lupine seeds frozen and deeply buried in lemming burrows in the Yukon have been dated as 10,000 years old and have germinated when given proper external conditions.

For simple terms, you may think of germination as taking place in four stages: (1) the seed imbibes (takes up) water; the water hydrates the tissues and biomolecules (proteins, carbohydrates) of the embryo; (2) enzymes are formed or activated; metabolic activity increases; (3) some embryo-manufactured enzymes catalyze the breakdown of the endosperm into smaller food molecules; the embryo uses this food for growth, and (4) the growing (elongating) radicle or embryonic root emerges from the seed coat.  Now observe the variety of seeds on demonstration.

Why do different species have different types of dormancy?

For the examples on demonstration, is dormancy controlled by  environment,  the plant itself, or both?

Examples of Seed Dormancy on Exhibit in the Lab:

(1) Seeds which germinate before dispersal from the parent plant (vivipary).  The example here is the mangrove plant.

(2) Dormancy due to a hard seed coat that requires mechanical or chemical scarification.  Examples are geranium, morning glory, and Mimosa (sensitive plant) seeds.

(3) Dormancy due to an immature embryo.  The example here is black ash (Fraxinus nigra).

(4) Dormancy due to chemical inhibitors in the seed coat or in the fruit tissue and juices which must be leached out before germination will occur.  Examples here are apple and tomato seeds.

(5) Seeds which are inhibited from germinating by light.  Examples are Phacelia and Amaranthus.

(6) Seeds which require light for germination.  Examples are certain varieties of lettuce, celery and tobacco.

(7) Seeds which require stratification (a cold, moist treatment) for germination.  The examples on display are Sitka spruce (Picea sitchensis) and black ash.  Dormancy in black ash involves both an immature embryo and a requirement for a stratification period of about 18 weeks.



Figure 16–5.  Hypogeal Seed Germination, Dicot (Pea).  a. Seed Cross Section.  b. Seedling.

B.  Hypogeal Germination

In the hypogeal pattern of germination and seedling emergence the cotyledon(s) remain(s) below ground and within the seed coat, digesting, absorbing, and moving the stored food from the endosperm to the growing regions.  Typically, both the hypocotyl and epicotyl regions of the embryo axis are fairly well formed at the time of germination.  The radicle grows downward forming the root and the epicotyl grows upward forming the stem with its leaves.

1.  Dicot Seed and Seedling.

Examine the germinating pea seeds and young seedlings.  Locate the cotyledons, the radicle and the epicotyl regions of the seed and note their positions and development in the seedling.  Label Figure 16–5.

2.  Monocot Seed and Seedling.

Examine the corn seed and seedling.  Corn (maize) and other grass seedlings are more complex than most other monocots.  The single cotyledon, the scutellum, remains within the kernel.  The root system not only has a small root developed from the radicle, but has additional roots, seminal roots, which originate from a portion of the embryo axis within the seed.  Note also that the embryonic leaves of the epicotyl are protected in their passage through the soil by tubular sheath, the coleoptile, which ceases elongating and separates at the apex shortly after it comes above the soil and is exposed to light.  Note the adventitious roots on the young corn seedling.  Label Figure 16–6.



Figure 16–6.  Hypogeal Seed Germination, Monocot (Corn).  a. Seed Cross Section.  b. Seedling.

C.  Epigeal Germination

In the epigeal pattern of germination and seedling emergence, the cotyledon(s) is (are) carried above ground by the elongating hypocotyl which usually develops a hook or curve shortly after emergence from the seed.  The radicle extends downward and becomes the primary root while the hypocotyl portion pushes its way through the soil pulling the cotyledon(s) above ground as it grows.  Once above ground, the hypocotyl straightens and the cotyledon(s) turn(s) green to begin carrying on photosynthesis.  Since the cotyledon(s) usually leave(s) the seed coat behind in the soil, or shed(s) it before expanding, the cotyledon(s) must complete its (their) role of digesting and absorbing the stored food from the endosperm by this stage.  In many cases the stored food has been absorbed before germination and the cotyledon(s) is (are) the largest part of the mature seed.  Because of its role of elevating the cotyledon(s) the hypocotyl is better developed than the epicotyl in early seedling stages.



Figure 16–7.  Epigeal Seed Germination, Dicot (Bean).  a. Seed Cross Section.  b. Seedling.

1.  Dicot Seed and Seedling.  Examine the germinating bean seed and seedling.  Locate the cotyledons, the hypocotyl, radicle, and epicotyl regions of the seed and note their positions and relative sizes in the seedling.  Note the differences between the cotyledons and the true leaves of the seedling.  Label Figure 16–7.

2. Monocot Seed and Seedling.  Examine the onion seedling.  

Locate the cotyledon and compare the seedling with the bean and with corn.

III.  Fruits

Introduction

The release of growth-regulating chemicals accompanying pollination and the development of ovules into seeds stimulates the ovary of the flower to develop into a fruit.  A true fruit is a matured ovary which is usually modified in some way for a role in dispersing the seed or seeds.  Dispersal can be accomplished in a variety of ways.  Fruits are grouped in a classification system based in part on the method of seed dispersal.  Examine the examples on display and note the various fruit types.

1.  Simple Fruits or True Fruits.

Simple fruits of this type are developed from a single ovary which may be composed of one to several carpels.  The following are all simple fruits, and may be further subdivided into fleshy and dry fruits.

a.  Fleshy Fruits.

The ovary wall of fleshy fruits enlarges with the accumulation of water, sugar, and usually more organic acids.  None of this stored food benefits the seedling.  Instead, it is placed there as a "reward" for an animal for transporting the fruit with its seed or seeds.  The animal often eats the fruit down to the seed, discarding the seeds, or it swallows the whole fruit, but the seeds are later excreted undigested.  The following are types of fleshy fruits:

(1) A drupe contains a single seed surrounded and protected by a bony or tough endocarp (inner ovary wall) which discourages an animal from eating beyond this layer, or protects the seed from being digested in the case of small drupes which are usually swallowed whole.

(2) A berry is a fleshy fruit with few to many seeds.

(3) A pepo is a berry with a tough, waxy, or leathery rind.

(4) A hesperidium is a berry with a separable leathery rind which contains oil glands.

(5) A pome is in part of "complex" or "false fruit" (see below) because the fleshy outer region is composed at least in part of fleshy enlargement of the receptacle.  The endocarp is papery or bony and forms the "core."

b.  Dry fruits.

(1) Dry fruits usually rely on passive methods of dispersal such as being blown by wind, carried by water, or by clinging to the fur of a mammal.  Usually all of the stored food is placed in the seed for use by the seedling.  The following are dry fruits:

(2) Single-seeded dry fruits are dispersed as a whole unit with the fruit coat intact surrounding the seed.

(a) A nut is an exception to a basic characteristic of most dry fruits in that it contains stored food (usually as starch, oil, or protein) in the enlarged wall as an inducement for a rodent or other animal to disperse it.  Rodents bury most of the nuts for later use as food.  Since they fail to return to many of these nuts, a portion of each year's nut crop is left to grow into a new plant.

(b) An achene is an unmodified dry fruit with a thin fruit coat.

(c) A samara is an achene with a wing-like extension of the fruit coat which aids in wind or water dispersal.

(d) A caryopsis is an achene with the fruit coat and seed coat fused together totally.

(1) Multi-seeded dry fruits almost always remain attached to the parent plant and split open at maturity.  The individual seeds are the dispersal units.  If the whole fruit were to stay together during dispersal many seeds would germinate in one spot and compete against each other.

(a) A follicle is derived from an ovary composed of only one carpel which splits open on its suture.

(b) A legume is also derived from one carpel, but it splits along the suture and also along the midrib.  It is sometimes fleshy, especially when young.

(c) A capsule is derived from a compound pistil.  It splits open on two or more lines.

2.  Complex Fruits or False Fruits.

Complex fruits involve more than one ovary.  The following are complex or false fruits (the term "false fruit" is somewhat misleading, but it is commonly used in botany texts).

a.  Aggregate Fruit

Aggregate fruits result from the fusion of several ovaries of a single flower.  Examine the slide of the longitudinal section through a raspberry.

b.  Multiple Fruit

Multiple fruits result from fusion of parts of several flowers..

c.  Accessory Fruit

Accessory fruits consist substantially of an enlarged receptacle or some other plant part in which the true fruits, usually achenes, are embedded.

Fill in Table 16–1.

Table 16–1.  Fruit Types on Demonstration

Fruit Type
Species
# of Carpels
Dispersal Mechanism

drupe




berry




pepo




hesperidium




pome




nut




achene




samara




caryopsis




follicle




legume




capsule




accessory




aggregate




multiple
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