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Why Study Botany?
I met her about a year ago at a cocktail party. It started as one of those awkward moments where two strangers 

touch hands while dipping their corn chips in the guacamole. Our initial eye contact was brief (her eyes were violet), 

her saffron hair cascaded over her shoulders, and the timbre of her voice was more delicate than falling leaves in 

autumn: "Have we ever met?"

I managed a weak mumble because I had just filled my mouth with a corn chip coated with guacamole, but I sensed I 

had her interest. I must have, because she outright asked: "What do you do?"

By this time the corn chip and guacamole had sufficiently cleared my esophagus for me to proudly proclaim: "I'm a 

botanist!"

"Ugh! Why would anyone ever want to study plants?"

I was sure that I could hold her interest and that there wouldn't be be one of those endless moments of silence in 

the conversation. After years of trying to explain why we study plants to students in botany courses, I had my 

answer prepared. The only problem was time: I could spend years answering her question. I did not take years to 

answer her question, and it should not take you years to read the rest of this brief article. This article, like my 

cocktail party answer, has to possess brevity because of the situation.

"How could anyone who just took a bite of a thick sauce of mashed avocado, tomatoes, onion, hot peppers, and 

lemon juice on a fried chip of corn flour, and is washing it down with some fermented grape juice, ask such a 

question?" I noticed a dab of avocado green on her strawberry lips and continued. "Not only that, you now are using 

a paper napkin to wipe up the guacamole spilled onto the linen tablecloth that is protecting a mahogany table. By 

the way, there's some dip on your lip."

Her cheeks flushed cherry red, but her glare softened. I sensed that we were headed for a memorable, stimulating, 

intellectual discussion. I took a sip of my root beer, then reached for the mixed nuts. Since there was no more 

guacamole she turned to the relish tray for some broccoli, carrots, cauliflower, mushrooms, and radishes; she dipped

them in green goddess, a mixture of mayonnaise and chopped spinach. I was caught off guard with: "It's stuffy in 

here; someone must have put too many logs on the fire. Besides, I'm getting a headache because there are too many

smokers in here. Would you happen to have an aspirin?"

I glanced over my shoulder to see a jerk flick cigar ashes into the philodendron's soil. The yellowish color of the 

leaves suggested that the ash probably would not do too much harm. I made a mental note to look up the yellowish-

leaf symptoms on a plant pathology web site when I returned to my office on Monday. I found my emergency supply

of aspirin in the left-front pocket of my jacket and tried to control the excitement in my voice: "Would you like to go 

for a walk outside?"

She washed down the aspirin with a lemon-lime soda and replied: "If we go through the garden there is a path that 

leads to the stream at the edge of the woods."

As she turned toward the oak French doors I caught the fresh scent of her jasmine perfume. We stepped onto the 

redwood deck and a light breeze gently caressed her one hundred percent cotton dress, and blew my silk tie over 

my shoulder.

You are probably wondering why I was wearing a silk tie. The answer is that even animal products that we use can be

linked to plants. The example easily could have been a wool tie since sheep eat grass. But I thought I would 

challenge you a little with silkworms—they eat mulberry leaves.

So why would anyone want to study plants? The answer for me is simple: It's fun! Some people, however, require 

more serious justification for pursuing botany as either an academic subject or as a hobby. The serious justification 

for studying plants is straightforward: Pants are essential for the survival of humans! This is true today, it has been 

true since humans began existing on Earth, and it will be true for as long as there are humans.

The most obvious uses of plants are food, clothing, and construction materials. Other very important uses include 

fuel, paper, industrial chemicals, essential oils, pleasure, and medicines. Often the role of plants in your well-being 

may not be as obvious as the examples cited in the above story. The example with the silkworms is to bring out this 

point: Even though we do not directly use some plants, they still have a role in our lives. Make a list of everything 

that has been used to support you for the past day, weeks, and year, and you should have an impressive list of how 

plants have been an integral part of your life.



What Is a Plant?

For this present reading, in order to answer the question, "What is a plant?", we must look at the major groups of 

living organisms that most biologists recognize.

Introduction to the Five Kingdoms

The major groups of living organisms are called kingdoms. Biologists used to recognize two kingdoms: 1) The plant 

kingdom (Kingdom Plantae) and 2) the animal kingdom (Kingdom Animalia). As more organisms were observed, it 

became obvious that not all organisms neatly fit into either the plant or animal kingdom. In some cases zoologists 

considered an organism an animal, but botanists considered the same organism a plant!

A three-kingdom system for some time was recognized by many biologists, then a four-kingdom system became 

popular, eventually a five-kingdom system was recommended, and many biologists currently recognize six 

kingdoms. As biologists study different organisms, new information becomes available for making decisions about 

how organisms may be grouped, and there probably never will be a system of classification that will satisfy all 

biologists.

In this set of on-line readings we use the five-kingdom system because it is convenient and is used in a variety of 

introductory textbooks. The five kingdoms are : 1) Monera, 2) Fungi, 3) Protista, 4) Plantae, and 5) Animalia. The 

basic criteria used to place organisms in the five kingdoms include cell structure, modes of nutrition, and level of 

complexity of the organism.

Although associated with living organisms, particularly in diseases, the viruses are a group that many biologists 

would not consider as living, and, therefore, do not fit into the classification system used in this set of readings 

about botany. Viruses do not consist of cells: Instead, they generally are several complex molecules that contain 

information for replicating themselves if they are in a suitable environment such as a plant or animal cell. The virus 

itself does not have the ability to replicate: It requires a living cell to provide the materials and machinery to perform

the replication of new viruses.

In order to categorize various organisms into the five kingdoms, we use criteria that are based on properties of 

living things. The criteria that have been found to be the most useful are based on the cells that make up the 

organisms and how organisms obtain their nutrition.

Cell Structure

The cell theory states that all living things (with very few exceptions) consist of microscopic units called cells or of 

products of cells. Most cells can be seen only if observed with a compound light microscope, an instrument that 

allows the biologist to study material magnified approximately 2,000 times. The cell theory and the study of cells 

have helped biologists to understand many basic processes that occur in all types of organisms. By studying cell 

structure, biologists became better at distinguishing between and among different groups of organisms.

In the 1950s the transmission electron microscope (TEM) became available to biologists. The TEM allows biological 

specimens to be viewed at magnifications ranging from 2,000 to 500,000 times and even greater. Two basic cell 

types became evident from the early studies with TEM. Prokaryotic cells are smaller and do not contain the 

elaborate internal structures as do eukaryotic cells.

Organisms that consist of prokaryotic cells are either single-celled (unicellular organisms) or simple colonies of 

similar cells. Organisms consisting of prokaryotic cells are called the prokaryotes.

Organisms that are made up of eukaryotic cells are the eukaryotes. Eukaryotes can be either unicellular or 

multicellular (made up of many cells). Multicellular eukaryotes may have cells that become specialized in their 

function within the organism. Cells that become specialized are said to be differentiated; cells that are not 

specialized are undifferentiated. Animals and plants are multicellular, eukaryotic organisms that have cellular 

differentiation. Another way of stating this is that plants and animals are complex multicellular organisms. Other 

eukaryotes are unicellular while others are multicellular, but with undifferentiated cells.

Nutrition for Living Things

Three basic properties of living organisms are growth, reproduction, and movement. In order for a living organism to

carry out its functions, it needs energy and raw materials. Organisms have different ways of obtaining raw materials 

and energy.



Food is what organisms consume that perpetuate the life processes. Foods that in part contribute to your life 

processes include, among others, eggs, milk, potatoes, tomatoes, hamburgers, bagels, cheese, and salad. All of these

things we recognized as foods come either from animals or plants. The foods humans consume are complex 

structures that either were other organisms or products produced by other organisms. The term used for the mode 

of nutrition for organisms like humans is heterotrophic nutrition. Organisms that rely on heterotrophic nutrition 

are referred to heterotrophs.

Not all organisms require complex foods like heterotrophs. Plants survive with soil, air, water, and light. These do 

not fit into what we generally use for food for ourselves. Plants need only a few inorganic minerals such as nitrates, 

phosphates, and iron; water; carbon dioxide; and light to maintain their life processes. Plants use photosynthesis to 

convert simple molecules (carbon dioxide and water) into more complex molecules that are used in plant growth 

and reproduction. The type of nutrition in which the organism makes its own complex molecules from relatively 

simple molecules is autotrophic nutrition. Plants are autotrophs. The process of making food by using light energy 

is photosynthesis. Plants specifically, then, are photosynthetic autotrophs.

Now that you have been introduced to some basic concepts of modes of nutrition and cell structure, you are ready 
to answer the basic question of "What is a plant?" by looking at each of The Five Kingdoms with cell structure and 
nutrition in mind.

Kingdom Monera

Kingdom Monera contains all known organisms consisting of prokaryotic cells. In contrast, 
organisms in the other four kingdoms (Animalia, Plantae, Fungi, and Protista) are composed of 
eukaryotic cells. Some members of the Monera are unicellular organisms; others are simple 
colonies of undifferentiated cells. Depending on the organism, some colonies may be very 
simple, consisting of only two cells. Other monera may have colonies of four cells, and some 
may consist of a filament of cells like a string of beads.

Nutritionally, some members of the Kingdom Monera are autotrophic while others are 
heterotrophic. The most commonly encountered members of the Kingdom Monera are bacteria
and cyanobacteria (formerly called blue-green algae). Cyanobacteria and some bacteria are 
photosynthetic autotrophs. Some bacteria are chemosynthetic autotrophs—they get energy 
for life processes from chemical bonds. Other bacteria are heterotrophs, and absorb the 
complex nutrients they need from the environment. There are two major groups of bacteria, 
and some authorities separate one of the groups of bacteria into their own kingdom, producing
a total of six kingdoms. For this introductory set of on-line readings we have not followed that 
classification system, and have kept all the bacteria within the Kingdom Monera.

Kingdom Protista

Some authors name this group the Kingdom Protoctista. The rationale is that traditionally the 
term Protista was used for unicellular organisms only. Because this kingdom includes 
multicellular organisms in addition to unicellular organisms, many individuals prefer to use a 
term not traditionally associated with unicellular organisms, hence the term Protoctista. I have 
no preference for either term, but because most of the textbooks available for introductory 
general biology and plant biology use the term Protista, we use it in this set of on-line readings.

The Kingdom Protista is a diverse group of eukaryotes that are either heterotrophic or 
photosynthetically autotrophic. Some protists are unicellular, others are simple colonies of 
cells, while others are fairly complex colonies.

Protozoa are members of the Protista that are unicellular, animal-like organisms. When there 
were only two kingdoms used for classification, protozoa were defined as single-celled animals.
Protozoa do not have cell walls and are heterotrophic: like animals, protozoa ingest food 
instead of absorbing it like the fungi. Common examples of protozoa include Amoeba, 
Paramecium, and Trichomonas.

Algae are either unicellular or colonial Protista that have plant-like characteristics, the most 
notable being photosynthesis and cell walls that contain cellulose. Many botany texts still 
include the algae in the plant kingdom because plants generally are considered to have evolved
from one of the groups of algae. Algae are divided into subgroups based upon their 
pigmentation. Common algal groups include green, golden-brown, brown, and red algae. 
Representative well-known algae include Chlamydomonas (green), kelp (brown), diatoms 
(golden-brown), and Spirogyra (green).



Kingdom Fungi

Fungi are heterotrophic eukaryotes with cell walls that contain chitin, a compound also 
found in the shells of several members of the animal kingdom, including crabs, insects, 
and shrimp. Although fungi are multicellular and have some cellular differentiation, the 
degree of cellular specialization is not great. Many fungi obtain their food from dead 
organic matter such as plants or animals. Such fungi are saprophytic. Other fungi may 
absorb the complex molecules they need from living organisms. If such fungi harm the 
living organism from which they obtain their nutrients, the fungi are considered to be 
parasites. Common examples of fungi include mushrooms (both edible and poisonous), 
athlete's foot, mold on moldy bread, blue veins in blue cheese, Bakers' Yeast, jock itch, 
and yeast infection.

In older classification systems, fungi were defined as "plants without chlorophyll." That 
is not a valid definition for fungi in today's five-kingdom system.

Kingdom Animalia

Before there were three, four, and now the five kingdoms, the entire living world was 
divided into either "animal" or "vegetable." There are still hangovers from the two-
kingdom system. These include treating members of the fungal kingdom as "non-green 
plants," and bacteria and cyanobacteria as "single-celled plants." In the present five-
kingdom system, animals and plants are more narrowly defined than with the older 
systems.

Animals are multicellular, complex (i.e., have a high degree of differentiation), 
heterotrophic eukaryotes with cells that do not have cell walls. Examples include 
sponges, flatworms, round-worms, leeches, clams, starfish, insects, fish, frogs, lizards, 
birds, and our own group, the mammals. Mammals, the group with which we probably 
are most familiar, include among others, mice, rats, monkeys, and humans.

Kingdom Plantae

Plants are complex, multicellular organisms that are photosynthetic autotrophs: They 
produce their own complex foods from carbon dioxide and water through 
photosynthesis. Cells of plants have plastids (including chloroplasts), vacuoles, and cell 
walls that contain cellulose.



What is Plant Biology?

Biology is the study of life. Plant biology (aka botany) is the study of plants, which includes among other things, how 

plants evolved on earth, their structure, how they grow and develop, and how they interact with the environment.

When all of life was divided arbitrarily into the animal and plant kingdoms, plant biology also included the study of 

bacteria, algae, and fungi. Today, bacteria, algae, and fungi are not included in the plant kingdom, but many 

individuals who study bacteria, fungi, and algae still consider themselves as plant biologists or botanists.

The following are some of the well-known disciplines within plant biology.

• plant systematics (taxonomy), the study of naming and classification

• horticulture, the study of plants grown for immediate use by humans

• forestry, the study of trees and management of forests

• plant physiology, the study of plant functions

• plant anatomy, the study of plant structure

• plant morphology, the study of plant form, including changes during the total life history of plants

• plant ecology, the study of plants in relationship to their environment

• plant pathology, the study of plant diseases

• paleobotany, the study of plant fossils

Other commonly recognized biological disciplines include:

• mycology, the study of fungi;

• zoology, the study of animals;

• virology, the study of viruses;

• bacteriology, the study of bacteria;

• microbiology, the study of microscopic organisms including bacteria and fungi;

• phycology, the study of algae;

• cell biology, the study of cells;

• molecular biology, the study of the molecular basis of life;

• evolution, the study of how life changed through time on earth; and

• genetics, the study of heredity.

Note that the various disciplines within the biological sciences are not always exclusive. For example, microbiology 

may include the more specific discipline bacteriology. An individual who studies bacteria may be called either a 

microbiologist or bacteriologist. Also, some of the disciplines such as cell and molecular biology cut across 

disciplines that are based on the organisms being studied. That is to say, a cell biologist may study either bacteria, 

plants, fungi, animals, or one of the organisms that do not conveniently fit into those groups.

Back to the question at the beginning of this reading: What is plant biology? Plant biology includes any of the 
disciplines listed above in which plants or organisms historically considered as plants are studied. These primarily 
include what are recognized today as true plants: the flowering plants, gymnosperms, ferns and their relatives, and 
mosses and liverworts. In addition, bacteria; cyanobacteria (blue-green algae); various types of algae including the 
green, brown, and red algae; and fungi often are taught as part of plant biology, even though few biologists today 
consider these organisms as plants per se.



How Are Plants Named?

Taxonomy is the discipline in biology that is concerned with the naming of organisms. Systematics, which generally 

includes taxonomy, is the placing of organisms into categories, i.e., classification. Since systematics and taxonomy go

hand-in-hand, many people consider the two disciplines as being synonymous. Before considering the principles 

involved in establishing different categories of plants, we should consider the kinds of names used for plants: 

common and scientific names.

Common Names

Examples of common plant names you may use include potato, maple, tulip, aster, rose, beech, bean, tomato, garlic, 

wheat, beet, spinach, spider plant, and peach. If you were to refer to any of the above plants by its common name, 

most people would know the plant to which you are referring.

We sometimes, however, may run into problems when using common names. Most people in the USA know what is 

meant when someone says "corn." If we took a walk on a farm in southern Minnesota and someone said, "Look at 

the corn plant," most of us would look for what we all know is corn

But if we went for a walk with a farmer in Scotland, and s/he said, "Look at the corn," when we looked around we 

would not see what people in Minnesota call "corn." We would see, however, what we commonly recognize as 

"oats." The common name "corn" means something different to an Minnesotan than it does to a Scots(wo)man. 

Could we use the term "corn" if we were talking to someone from China, Argentina, Germany, or England? Another 

example of confusion resulting from use of common names is given at the end of this reading.

Scientific Naming: Linnaeus and Binomial Nomenclature

Carl von Linne (he Latinized his name to Carolus Linnaeus), an 18th century Swedish botanist often called either the 

"Prince of Botany" or "Father of Botany," is recognized as the originator of scientific naming of plants and other 

organisms. Linnaeus' principles of naming were set forth in a monumental work in 1753 entitled Species Plantarum 

and later in another work Systema Naturae, 10th Edition (1758).

When Linnaeus was in his early twenties, he was commissioned to study the flora (plant life) in Lapland. For over five

months he observed and collected plants throughout this beautiful wilderness that reaches across northern Norway,

Sweden, and Finland. Part of Linnaeus' task was to name the new plants he found.

In the days Linnaeus was discovering new plants and animals, the method for naming organisms was to briefly 

describe them with a phrase in Latin. Some phrases contained six, 10 or more Latin words. Writing out all those Latin

descriptions became very cumbersome for Linnaeus as he attempted to list the plants he found in Lapland. By the 

time he published one of his first books about the plants he found in Lapland, Linnaeus started using methods for 

shortening the descriptions by naming each kind of plant with two Latinized words. This two-word method for 

naming plants and other organisms is known as binomial nomenclature.

Linnaeus' contributions to biological nomenclature are recognized by his popularity in Sweden even today, and by 

the fact that his two major works, Species Plantarum and Systema Naturae (10th Edition), have been accepted by 

international agreement as the official starting points for botanical and zoological nomenclature. Linnaeus' 

collections are now maintained by The Linnaean Society of London, which include 14,000 plants, over 3,000 insects, 

approximately 1,500 shells, and 158 dried fishes.

Binomial Nomenclature

A recognizable group of plants with similar characteristics that can be distinguished from other plants is called a 

species. In the Linnaean binomial system of nomenclature each species is designated by two Latinized words, hence 

binomial (two) nomenclature (names). An important point concerning the Linnaean system is that species that 

appear to be closely related to each other are grouped into a broader group called the genus. These groupings are 

reflected in the names as exemplified in the following paragraphs.

Quercus alba is the binomial for the species with the common name "white oak." Individual white oak trees are more 

like other white oak trees than they are to any other plant. The group of white oaks, however, is similar to other 

species. The species that are very similar to white oaks also are oaks. In order to show that oaks are similar, they are 

grouped into the larger, more inclusive group, the genus. All oaks are included in the genus Quercus. The binomial 

for any oak, therefore, will have Quercus as the generic name, and some other Latinized word to identify the 



particular species, the specific epithet. For the white oak, Quercus is the generic name, alba the specific epithet. 

Quercus suber is the cork oak. Quercus macrocarpa is the bur oak.

A rule in biological nomenclature is that the binomial is italicized or underlined and the genus is capitalized. Note 

that the specific epithet is often descriptive. "Macrocarpa" means large fruit; "suber" refers to suberin, the 

substance in cork that makes it waterproof; and "alba" means white. Other descriptive specific epithets are 

macrophylum (large leaf), multiflora (many flowers), grandiflora (large flowers), vulgare (common), odorata (strong 

odor), virginiana (from Virginia), and ohioensis.

NOTE WELL! In many introductory textbooks the specific epithet is referred to incorrectly as the "species." For 

example, the text may incorrectly say something like: "The genus is Quercus and the species is alba." Once again, 

calling alba the species is not correct! This is correct: Quercus is the genus, alba is the specific epithet, and Quercus 

alba is the species.

Use of scientific names for plants eliminates confusion such as you would experience when talking to a Scottish 

farmer about the year's crop. If she or he told you about how well the Avena sativa did during the year, you would 

know that there was a good crop of oats. If you told him or her that you eat flakes of Zea mays with cream or milk for

breakfast, s/he would know that you eat corn flakes.

Principles of Classification

When plants are named and put into categories, the goal of the plant systematist is to use categories that reflect 

the natural relationships, or evolutionary history, of the plants. This is opposed to basing groups on artificial 

relationships.

Artificial groups

An example of artificial grouping is referring to plants as either herbs, vines, shrubs, or trees. Herbs are plants with 

no or little secondary growth, i. e., they are not woody. Vines climb and may be either herbaceous or woody. Shrubs 

are woody, may reach a height of 2-3.5 meters, and have more than one major stem. Trees are woody, generally have

one major stem (the trunk), and may reach a height from over 3.5 meters to 100 meters or more. This way of 

grouping plants is very useful if you are interested in landscaping, but the groupings do not reflect how plants in the

various categories are related to other plants. There are some trees that botanically are more closely related to 

some herbs than they are to other trees. For example, red bud trees are more closely related to beans and clover 

(herbs) than they are to maple trees. Trees, shrubs, vines and herbs are not natural groups for classification based on

common evolutionary history: They are artificial groups.

Natural groups

The natural system of classification attempts to group organisms as determined by their common or shared 

evolutionary history. All the individual plants that are in a given species are related, i. e., they share a common 

history, and are more like other members of the species than they are to any other plant. All the species within a 

genus also are related and share a common history. All the plants within a genus are more like each other than they 

are to any plant that is not in the genus. Genera that have similar characteristics and that, therefore, share common 

history, are grouped into a family. All genera within a family are more closely related to each other than they are to 

any genus in another family. For example, the genus Quercus (oaks) is related to the genus Fagus (beeches); these 

genera are in the family Fagaceae. Oaks and beeches are more like each other and share a common history more 

than they are to any plant not in the Fagaceae.

The story continues. Families with similar characteristics are grouped into orders. All families within an order are 

more closely related to each other than they are to families in other orders. What family do you think would be 

included in the order Fagales?

Orders are grouped into classes. Classes are grouped into the division.

All plants that produce flowers are classified in the division Magnoliophyta (aka angiosperms or flowering plants). 

The angiosperms contain two classes, the monocots (Liliopsida) and dicots (Magnoliopsida). The monocot class 

contains all the orders with individuals that have seeds with one "seed leaf" (cotyledon) attached to the embryo 

within the seed. The dicot class has orders with individuals that have two cotyledons attached to the embryo within 

the seed.



Following along with what was said for other groupings of plants, all orders in the class Liliopsida are more closely 

related to each other than they are to any order in the class Magnoliopsida. All orders in the Magnoliopsida are more

closely related to each other than they are to any order in the Liliopsida. All species of flowering plants are more 

closely related to each other than to any plant species in a division other than Magnoliophyta.

A summary of the levels of classification is included in the example below showing the classification of the species 

commonly called "white oak," Quercus alba L.

For comparison, the following example shows the classification of the species commonly known as the "Easter lily," 

Lilium longiflorum Thunb.

What's That? 

Sometimes in more advance botanical writings and the two examples preceding this paragraph you might come 

across a letter, name or abbreviation after the binomial for a species. An example would be Allium cepa L. (Allium 

cepa L. is the common table onion.) What does the "L." stand for? The "L." stands for the authority, i.e., the individual

credited with assigning the binomial to the species. In this case, "L." stands for Linnaeus. The "Thunb." after Lilium 

longiflorum stands for Carl Peter Thunberg.

An Illustration About Plant Names

This little story may illustrate the value of scientific names and classification and how common names may lead to 

confusion. I would not be surprised if you had to read this section more than once, so please do not give up after the

first reading.

One of the first flowers that we see in the spring throughout Appalachia is what we call the crocus. Our common 

spring-flowering crocus is in the genus Crocus, which is in the iris family, the Iridaceae. Some members of the genus 

Crocus flower in the fall, and appropriately are called "autumn crocuses." An economically significant autumn crocus,

Crocus sativus, also goes by the common name "saffron." It is the source of the valuable spice also known as saffron, 

which is made up of dried stigmas. In summary, the spice saffron is dried stigmas of an autumn crocus known as 

saffron, which scientifically is known as Crocus sativus L. (Iridaceae).

http://www.worldfloraonline.org/taxon/wfo-0000788844
http://www.worldfloraonline.org/taxon/wfo-0000788844
https://en.wikipedia.org/wiki/Carl_Peter_Thunberg
http://www.worldfloraonline.org/taxon/wfo-0000678941
http://www.worldfloraonline.org/taxon/wfo-0000678941
http://www.worldfloraonline.org/taxon/wfo-0000678941
http://www.worldfloraonline.org/taxon/wfo-0000289457
http://www.worldfloraonline.org/taxon/wfo-0000289457
http://www.worldfloraonline.org/taxon/wfo-0000289457


There is another plant commonly called the meadow saffron which also is sometimes referred to as an autumn 

crocus, but it is in a different family than the Iridaceae. Colchicum autumnale is in the Colchicaceae. An important 

drug, colchicine, is isolated from Colchicum autumnale. In summary, the drug colchicine is obtained from an autumn 

crocus known as meadow saffron, which scientifically is known as Colchicum autumnale L. (Colchicaceae).

The above two paragraphs may seem confusing to you. Let's do something that you might get some practice doing 

in writing classes: Let's rewrite the summary sentences of the preceding two paragraphs. In Version A only the 

common names of the plants will be used; in Version B only the scientific names will be used. Is there any confusion 

when you read the sentences that use only common names? Scientific names?

• Version A

• The spice saffron is obtained from the autumn crocus which is known as saffron.

• The drug colchicine is obtained from the autumn crocus which is known as meadow saffron.

• Version B

• The spice saffron is obtained from Crocus sativus (Iridaceae).

• The drug colchicine is obtained from Colchicum autumnale (Colchicaceae).

http://www.worldfloraonline.org/taxon/wfo-0000763824
http://www.worldfloraonline.org/taxon/wfo-0000763824


Structure of Plants

An appropriate essay for you to read as you start learning about the basic structure of plants is How to Spend a Nice

Quiet Evening With a Potato by Edgar Anderson. It is enjoyable yet very informative.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

How To Spend a Nice Quiet Evening With a Potato
by Edgar Anderson

A portion of an essay from: Bulletin of the Missouri Botanical Garden, vol. 43, pp. 50-53, 1955

If you're an adult and you want to teach yourself how to find out about plants there is no more convenient way 

to start. Get a potato, a nice big one, out of the bin, wash it off carefully, and sit down in a comfortable chair with

a good light coming over your shoulder. Turn the potato over in your hands. Don't be too terse and earnest. If 

you can get a friend with kindred interests to join you, so much the better and if you talk about other things now 

and then it's all to the good. Just try to build up a little intelligent enthusiasm for this starchy sphere which 

previously you have taken so for granted. 

Well, let's look at the potato. Most obviously it has eyes. Nearly everybody knows this much, yet have you really 

ever looked a potato in the eye? There is something more or less like an arching eyebrow with an eye-hollow 

within the arch and coming up out of this hollow are little dark buds. Now notice the arching eyebrows. They 

don't arch any old which way; they are all focused in the same direction. To our surprise we will learn that each 

potato has a well-defined front end an equally well-defined rear end and that these are very different in 

appearance. At the front end the eyes are clustered closely together, the buds always frontwards from the 

arching brow. This brow is really a kind of leaf, or the mark where such a scale leaf was borne and then fell off. 

Sometimes new potatoes will show delicate little membrane-like scales rising up off the tuber's surface in these 

arching lines; in the ordinary grocery-store spud the membranaceous scale has usually gone by and only a faintly 

curving scar is left. Now turn the potato about and look at the other end, then examine the whole region in 

between. At the other extreme from the active apex with its closely clustered buds you will find either a piece of

the little round underground stem on which the potato was formed or the neat little circular scar where this 

stem was broken off.

A potato, you see, is what botanists call a tuber. It is just the swollen coalesced buds at the end of an 

underground stem. It is not a root; it is part of a true stem though borne underground. Like all stems, it has joints

(the technical word is nodes) at which leaves (or leaf-like scales) are borne and it is in the axils of these scales 

that all the new branch stems arise when the potato is sprouted. This is how one tells stems from roots in those 

plants with both underground stems and true roots. Stems have nodes (joints); roots don't. Stems have leaves or

scales at the nodes; roots have neither. If you find a root with some little scales on it at fairly regular intervals, it 

isn't a root. It's an underground stem of some sort. Finally, stems are precise in their pattern of growing; they 

branch only in the axils of the leaves or scales; roots branch only irregularly.

Our humble potato is therefore a much more precisely organized bit of life than one would have imagined. Like 

virtually all life it is highly polarized. It has a head end, an apex, at which growth is most active. It has an innate 

orientation to up and down, to frontwards and backwards. Plant your potato in a bowl of sand or sawdust or 

vermiculite, keep it well watered and watch its development for a few weeks. See the way the new stems sprout 

out from the buds near the apex. Plant another potato in the garden and dig it up and wash off the roots after 

the plant is well developed. You will be able to see for yourself the difference between the true roots and the 

jointed underground stem on which the potatoes are borne.

So what? Well, you'll have made a beginning at understanding for yourself the world around you. The world 

looks chaotic; deeper study shows us the order in it; with still deeper and more intensive study we are able to 

understand enough of the order underneath the apparent chaos so as to work with it rather than against it.

So if plants are beginning to interest you and you wish you knew more about them, no need to sigh for lost 

opportunities, no need for that magic book which will tell you painlessly the very things you wish you knew. Sit 

down quietly with a potato, a nice large, clean potato. Relax in your chair. Take a friendly interest in this 

succulent brown blob which you have previously ignored. Let it become a simple introduction to learning about 

plants from plants themselves. Take your first step towards botanical insight by spending a nice quiet evening 

with a potato.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



Basic Structural Plan

This reading describes what we refer to as the basic structure of a "typical plant." What we consider "typical" is only 

a convenient place to start. The example we use for a typical plant is the type of plant with which you probably are 

most familiar—a flowering plant.

A flowering plant consists of an axis divided into two main systems—the root and shoot. The shoot system is 

composed of a stem, leaves, and flowers. Roots, stems, leaves, and flowers often are referred to as plant organs.

Growth

Roots and shoots grow at specialized regions. Apical meristems occur at the tips of either roots or shoots. Apical 

meristems account for what is called primary growth, the type of growth responsible for the increase in length of a 

plant. All flowering plants have primary growth. Examples of apical meristems are apical buds of stems, axillary buds

of stems, and tips of roots.

Some flowering plants have growth originating from regions termed lateral or secondary meristems. Growth from 

lateral meristems is secondary growth. Secondary growth accounts for most of the thickening of plants. Trees, for 

example, have secondary growth that increases the diameter of the stems, or "tree trunks." The secondary meristem

responsible for the increase in diameter of stems is called the vascular cambium. Vascular cambium also occurs in 

roots of trees.

Stems

Stems generally occur above ground, and are the structures onto which leaves are attached. This latter point is very 

important for distinguishing stems from roots since some stems occur below ground.

Leaves attach to stems at nodes. The regions between nodes are called internodes. Even when leaves are not 

attached to a stem one can generally recognize the nodes and internodes. On many stems when leaves are not 

attached a leaf scar is where the leaf was attached. Small buds (axillary buds) occur at the nodes near where leaves 

attach to the stem. This is another way of recognizing a node if a leaf is not present.

Primary growth of stems occurs at apical meristems. The apical meristems of stems differ from those of roots: apical

meristems of stems are enclosed in an apical bud. In longitudinal view the apical bud contains young leaves (leaf 

primordia) attached at nodes. The leaf primordia enclose the apical meristem. In winter buds of trees the leaves that

will burst out in bright green in the spring are protected by bud scales on the outside.

Further back from the bud, cells differentiate. The differentiated tissues in a young stem are best described when 

the stem is viewed in cross section. There are two basic patterns of differentiated tissues in stems of flowering 

plants. We look at other reasons for making distinctions between two types of flowering plants later in the course. 

For now, however, we just have to know that one type is called monocots, the other dicots.



Dicot stems The epidermis is on the outside of the stem. Toward the interior of the stem just underneath the 

epidermis is the cortex. The most interior region of the stem is the pith. In the region between the pith and the 

cortex are several to many vascular bundles arranged in a ring. The phloem is on the side of the bundle facing 

toward the cortex; the xylem on the side toward the pith.

In plants that increase in diameter as they get older, e.g., trees, the increase in diameter is due to secondary 

growth. Secondary growth is produced by a lateral or secondary meristem, the vascular cambium. Vascular 

cambium originates from a group of cells between the xylem and phloem. As the vascular cambium produces new 

cells, thus new secondary growth, xylem cells are formed to the interior of the vascular cambium, phloem cells are 

formed to the exterior of the vascular cambium. The xylem is commonly called wood. The bark is everything to the 

exterior of the vascular cambium; major components of bark include phloem and cork.

Monocot stems In monocot stems viewed in cross section, the vascular bundles are scattered throughout the stem. 

Thus, there is no clear separation of tissues around the vascular bundles into cortex and pith. In the vascular bundles

of monocots, the phloem is on the side facing toward the epidermis, the xylem toward the center of the stem. Most 

monocots do not have secondary growth.

Stem modification Stems of different plants may be in forms other than what we encounter in a "typical" plant. If a 

stem is underground and horizontal it is called a rhizome. An above ground horizontal stem is a runner, which also is

known as a stolon. A swollen tip of an underground stem is a tuber. A vertical underground shoot that is mostly 

stem tissue is a corm. A vertical underground shoot that is mostly leaf tissue is a bulb. The important part for you to 

remember here is that if a structure looks like it could be either a stem or a root, look for nodes. Stems have nodes; 

roots do not!



Roots

Roots generally grow underground and anchor the plant into the soil. The major function of roots is absorption of 

water and minerals from the soil. There are two basic types of roots. 1) Taproot has a main, large root that has 

branch roots coming off of it. A carrot is an example of a taproot. 2) Fibrous roots have many roots, none of which is

more prominent than the others. Roots of grasses are examples of fibrous roots.

Primary growth of roots occurs at the root apical meristem. In longitudinal view, a root apical meristem has a region 

of dividing cells, with elongating cells behind them and a root cap in front of them. The root cap is constantly being 

worn down as the root tip is pushed through the soil by the elongating cells. New root cap cells come from the 

region of dividing cells. New elongating cells also come from the region of dividing cells.

As cells elongate they also begin to differentiate. Some epidermal cells become modified into root hairs, cells that 

absorb water and minerals from the soil. Cells in the interior of the root differentiate into cells specialized for water 

and mineral transport (xylem cells); others become specialized into cells that transport sugars. The latter transport 

cells are termed phloem cells. Xylem and phloem, form a cylinder in the interior of the root known as the stele. The 

cortex separates the vascular cylinder from the epidermis. As with stems, the patterns of xylem and phloem differ in

cross sections of roots of monocots and dicots.

Roots branch. In fibrous systems there are many branch roots, all of which remain about the same size. In taproot 

systems the main root, the taproot, has smaller roots branched off from it. In either system, however, there is no 

predictable pattern for the branch roots.

In some plants, e.g., trees, roots increase in diameter and become woody. The growth that increases the diameter of 

the root is secondary growth. Secondary growth originates at the vascular cambium, a ring of special cells that start

dividing between the phloem and xylem. As the vascular cambium produces new cells, cells to the interior of the 

root differentiate into xylem. Cells to the exterior mostly differentiate into phloem. A mature, woody root is mostly 

xylem when seen in cross section. The material to the outside of the vascular cambium is the bark.



Leaves

Leaves are attached to stems at nodes. Leaves generally are green because the cells of leaves contain chloroplasts. 

Chloroplasts are green because of the presence of the green pigment chlorophyll. Chlorophyll is the molecule that 

converts light energy into chemical energy in the process of photosynthesis. 

A leaf is divided into two regions; 1) blade or lamina, and 2) petiole. The petiole is the thin, stick-like structure 

between the blade and the attachment site at the node. Sometimes at the base of the petiole is a small leaf-like 

structure called the stipule. If there is no petiole, the leaf is said to be sessile.

Vascular tissue (xylem and phloem) is continuous from the stem, through the petiole, into the blade. Vascular tissue 

in the blade is seen as so-called veins. The continuation of the vascular tissue from the petiole into the blade is the 

midrib of the leaf blade. The pattern of the veins is the venation of the leaf. Leaves may have either netted or 

parallel venation. Leaves of most dicots have netted venation; leaves of most monocots have parallel venation.

Monocot vs. dicot leaves: left is daylily, a monocot; right is mint, a dicot.

The edge of a leaf blade is the margin. Several common variations of margins include smooth (also termed entire), 

dentate (shaped like teeth), serrate, or lobed.

A simple leaf has one blade attached to the petiole. A compound leaf, however, has several to many little leaves, 

leaflets (pinnae), in place of a single blade. If the leaflets are attached to one point at the end of the petiole the 

leaf is palmately compound. If the leaflets are attached along the extension of the petiole, the rachis, in a feather-

like arrangement, the leaf is pinnately compound.

Pinnately compound leaf on left; palmately on right.

Leaves can be arranged at the nodes in one of three basic ways. Opposite arrangement is when two leaves are 

attached at one node on opposite sides of the node. Alternate arrangement is when one leaf is attached to a node, 

and at the next node one leaf is attached on the other side of the stem. Whorled arrangement has three or more 

leaves attached at one node.



Flowers

The portion of stem to which a flower is attached is the peduncle. The receptacle is the swollen tip of the peduncle 

to which the other major flower parts are attached. Sepals occur in the outermost whorl of leaf-like structures, the 

calyx. The next whorl to the interior is the corolla; the individual leaf-like structures are the petals. If sepals and 

petals look the same, they are called tepals. To the interior of the petals are the stamens, the pollen-producing 

structures. Each stamen consists of a thin filament and sac-like structure, the anther, in which pollen is produced. 

The most interior structure of the flower is the pistil, which is divided into three parts, the stigma, style and ovary. 

Seeds are produced in the ovary.

External and cut-away view of flower of Lilium sp.

Flowers vary many ways: The most obvious are size and color. Another major variation is the number of parts. In 

monocots, flower parts occur in threes or multiples of three. For example, there may be three sepals, three petals, 

six stamens, and one pistil. Dicots generally have flowers with parts in fours or fives, or multiples of four or five.

Monocot vs. dicot flowers: left is spiderwort, a monocot; right is phlox. a dicot.

Symmetry is another major way flowers may vary. Flowers with radial symmetry are actinomorphic. Flowers with 

bilateral symmetry are zygomorphic.

Floral symmetry: left is actinomorphic flower of spreading evening primrose; right is zygomorphic flower of 

kudzu.



Flowers that contain all major parts (i.e., sepals, petals, stamens, and pistil) are complete. If any one of the four 

major parts is missing, then the flower is incomplete. If a flower has both stamens and pistil, that flower is perfect. 

If a flower does not have either stamens or pistil, then that flower is imperfect. An imperfect flower with stamens 

but no pistil is a staminate flower, also called by some a "male" flower. An imperfect flower with a pistil but no 

stamens is a pistillate flower, also called by some a "female" flower.

Inflorescences

A group of flowers is an inflorescence. Common inflorescence types are solitary, spike, head (capitulum), raceme, 

panicle, cyme, and umbel.



How Are Plants Propagated?

Reproduction is a basic property of all life. Plants reproduce several ways, and humans have taken advantage of 

natural reproductive systems to increase the number of plants for human use. There are two major types of 

reproductive methods: a) Sexual and b) asexual reproduction.

Sexual Reproduction

Sexual reproduction involves the fusion of two cells (gametes) to produce a new cell (zygote) which will develop 

into the new individual. In animals such as humans and also in plants, sexual reproduction involves relatively large, 

immobile gametes (eggs), which are produced by females and small, motile gametes (sperm), which are produced 

by males.

Some groups of plants produce seeds during the sexual reproductive process. The most economically important 

plants, those plants with which we are most familiar, the flowering plants, produce seeds.

Seeds are produced within flowers of flowering plants: some plants may produce hundreds, even thousands of 

seeds, during a lifetime. Each seed contains one immature plant (embryo) within it. The embryo developed from a 

fertilized egg, and therefore resulted from sexual reproduction.

Once mature, a seed possibly may remain dormant for up to many years; in the dormant condition the embryo 

remains relatively unchanged. When a seed is transported to a suitable environment, chemical changes occur within 

the seed and the embryo initiates growth—this is seed germination.

The new plant that develops from the embryo when a seed germinates resulted from the fusion of an egg and 

sperm during the process of fertilization. The egg was produced by one parent and the sperm by another. Since the 

new plant that grows from a seed contains contributions from two different parents the new plant is not identical to

either parent. This is a very important point about the offspring produced in sexual reproduction: The new individual

is not identical to either parent or to any of its siblings! (Identical twins are the exception to this rule but are 

explained by the splitting of one young embryo into two.)

Seeds, the major method of reproduction for most of our economically significant plants (e.g., corn, wheat, rice, and 

soybeans), are products of sexual reproduction. New individual plants produced when seeds germinate may be very 

similar to their parents and siblings, but the new individuals are not identical to siblings or either parent.

Asexual Reproduction

In addition to producing new individuals by seeds, many plants produce new individuals without the sexual process: 

This is referred to as asexual reproduction. Most of the ways that plants reproduce asexually fit into what many 

botanists refer to as either vegetative propagation or cloning. In this set of on-line readings we consider cloning, 

vegetative propagation, and asexual reproduction as synonyms.

Modified stems are several examples of how plants reproduce asexually. Bulbs and corms are a common way that 

plants produce new individuals naturally, and what humans take advantage of for increasing the number of 

individual plants commercially. In the late summer and early autumn garden stores, department stores, grocery 

stores, and even some gasoline stations sell bulbs and corms for fall planting. If you plant a bulb of a daffodil bulb 

and leave it undisturbed, you should notice that after several years a bunch of identical daffodils will flower where 

you originally planted one bulb. If you carefully dig up the original bulb you would find that there are many small 

bulbs around it. The original plant had produced new bulbs, hence new plants, asexually. If you were in the business 

of selling daffodil bulbs you would have increased your inventory just by letting the original plant reproduce 

asexually.

The important point here is that the new individuals are identical to the original plants. This is a major difference 

between vegetative propagation and propagation by seeds: New individuals produced by vegetative propagation

are identical to the parent and to the siblings.

This is an important point when a plant has desirable characteristics such as a delicious fruit, attractive flower, 

resistance to disease, or unusually rapid growth. Cloned plants are very common commercially since offspring 

produced from a plant with desirable traits will be identical to it.



Major Methods of Vegetative Propagation

Stems, roots, and leaves are used for cloning plants. The following are some of the major ways that plants are 

cloned in addition to bulbs which were discussed in the preceding section.

Many plants can be cloned with cuttings. A portion of stem with leaves is cut from the parent and placed in a 

suitable rooting medium for that particular species of plant. Some suitable media include moist sand, a mixture of 

peat moss and soil, or water. After roots have developed from the cut end of the stem the cutting is transplanted to 

soil. House plants such as coleus, philodendron, ivy, and geraniums commonly are propagated by cuttings.

Grafting is similar to cuttings in that a portion of stem or in some cases a bud is removed from the parent. The part 

removed from the parent is called a scion. The scion is then attached (i.e., grafted) to a stock, which is either a stem 

or root of another plant. In making a graft it is important to match the vascular cambium of the scion to that of the 

stock. A graft will fail if the cambia are not in contact. Grafting is used when it is difficult to root cuttings of the plant

being propagated, or if the stock has desirable traits not found in the plant that is the source of the scion. For 

example, roses are grafted onto root stock of wild roses. The above ground part of the rose has the qualities we like 

in a rose (pretty flowers and pleasing aroma), and the roots resist harsh winters which the original parent of the 

scion could not do. Grafting is used to combine desirable traits of the scion and stock in grapes also: The scion 

produces the kind of grape that is desired (e.g., seedless and sweet), and the root stock is resistant to insects that 

damage roots of many plants. Grafting is also an important means for reproducing plants that do not produce seeds.

The best examples here are seedless navel oranges, seedless grapefruit, and seedless grapes.

Rhizomes are used commercially to propagate common plants such as irises and ferns. As the underground stem 

grows, it branches, thus forming new apical meristems. Rhizomes can be broken or cut into several pieces to 

increase the number of individuals. Some ferns may attain a very large size through the growth of rhizomes. If one 

were to observe what is originally believed to be a population of ferns on a hillside, the many groups of leaves may 

be in reality all part of the same plant with an underground stem, the rhizome. Some ferns called "bracken" in 

Europe may cover an area over 390 meters in diameter, an illustration that one rhizome may be extensive.

Runners and stolons also increase the number of plants asexually. The original plant sends out the modified stems, 

runners/stolons, which produce new upright branches and roots at the nodes. If the runner/stolon is broken or cut, 

new individuals are the result. Runners and stolons are used commercially for mints, strawberries, and many grasses.

Tubers, the swollen tips of underground stems, are the major way that potatoes are propagated. Each eye of the 

potato is a bud at a node. If a small portion of a potato with an eye is planted, a new plant will be produced.

We saw with cuttings that roots can develop from the cut end of a stem. Many plants have roots that will produce a 

shoot if the root is separated from the rest of the parent plants. Common examples include black locust trees which 

have roots that readily send up shoots, and sweet potato which are large roots (taproots) that will produce shoots. 

Anyone who tries to remove weeds from a lawn also is aware of another example of roots that produce shoots: Any 

missed part of the taproot of a dandelion will develop a new shoot.



Leaves of some plants have the ability to produce both shoot apical buds and roots. In nature these plants increase 

the number of individuals if a leaf falls onto the ground. New shoots and roots develop and thus a new, cloned 

individual results. Commercially, plants with leaves that readily form shoots and roots are cut into several pieces so 

that several plants can be produced from a single leaf.

Technical Advances in Cloning

Methods for cloning plants discussed in the preceding section take advantage of the natural abilities of plants to 

asexually produce new individuals—the horticulturist merely is helping each plant with what it already does. There 

are now new ways to clone plants that are in addition to what plants normally would do. In the past few years plant 

scientists have begun to use methods of biotechnology for commercially producing cloned plants.

Basic studies of plant development have shown that one plant cell can give rise to an entire, new plant if the cell 

first is grown into a mass of cells (callus) under a controlled environment and the callus then treated with special 

chemicals (plant hormones) that induce development of shoots and roots. Using these tissue culture methods, one 

parent plant could be divided into thousands of groups of cells, each of which could develop into a callus. Each callus

also could be divided into thousands of groups of cells, each of which could develop into a callus. By repeatedly 

dividing a callus into individual cells and growing each cell into a new callus, in a relatively short time (e. g., several 

months) from 100,000 to a million potential individual plants would be produced from the original parent. When the 

time is right, the proper combination of hormones is added to the thousands of calli and roots and shoots develop 

on each. The young plantlets are transferred to soil and grown to the stage of development for marketing. Since the

process of propagating the new plants did not involve sex, each new plant produced is identical to its siblings and to 

the parent.

Tissue culture methods for plant propagation are carried out in a laboratory. Cells are separated and calli grown 

under sterile conditions, so the plants that are produced are absolutely disease free. Tissue culture methods 

continually are being improved and we are seeing more plants each year produced by tissue culture. Douglas fir for 

tree farms, ferns, African violets, and day lilies are several plants currently propagated commercially through tissue 

culture.

Summary

The main points to remember about plant propagation are that 1) sexual reproduction results in new individuals 

that are not identical to siblings or the parents, and 2) asexual reproduction (cloning or vegetative propagation) 

produces offspring that are identical to each other and the parent. Seeds are the products of sexual reproduction. 

Major examples of plant parts used in cloning include bulbs and corms, rhizomes, runners and stolons, tubers, and 

taproots. Tissue culture involves recent advances in plant biotechnology for producing many disease-free individuals

from one parent.



Chromosomes and Plant Reproduction

In a previous reading, sexual reproduction was introduced because it is involved in the production of seeds in the 

flowering plants. In order to understand sexual reproduction for all plants, including those without flowers, we must

look at what happens in plant cells, particularly with the nuclei. Part of this discussion will use plants and animals as 

examples to get across general principles that apply to both animals and plants.

Each eukaryotic cell contains a nucleus. The nucleus contains most of the cell's genetic material, i.e., the substance 

that contains the information for the cell to be the kind of cell it is, DNA. DNA is a major component of the 

substance that fills much of the nucleus, chromatin.

The 24 chromosomes of a wild relative, Solanum phereja, of the potato as seen through the light microscope.

Each chromosome consists of chromatin, which contains most of the cell's DNA. (Note about the image: If 

you can get a pair of the red-green glasses for viewing 3D, the DNA molecule can be seen in 3D.)

When a cell prepares to divide as part of the formation of new cells, the DNA and the rest of the chromatin are 

duplicated. As the chromatin is distributed equally to the two new cells that are being formed from the original 

parent cell, the chromatin is seen to be contained in discrete structures known as the chromosomes. The process 

that the chromatin goes through as it is distributed to two new nuclei is known as mitosis.

How mitosis appears in cells of a onion root when viewed through a light microscope.

In summary, prior to the beginning of mitosis, the DNA and chromatin are duplicated. When the chromosomes start 

to appear in early stages of mitosis, each chromosome is seen to consist of two, identical halves, the chromatids. As 

mitosis continues, the two chromatids in each chromosome separate and go to new, separate nuclei of the newly 

forming cells. This results in the formation of two daughter cells with nuclei that are identical to each other in their 

DNA composition.

A very important point is that every organism contains a set of chromosomes in each cell that is characteristic for 

the organism. For example, every cell in an wild relative of the potato contains 24 chromosomes (see diagram 

above); every cell in a corn plant contains 20 chromosomes; every cell in a pea plant contains 14 chromosomes; every

cell in a onion plant contains 16 chromosomes; every cell in a human contains 46 chromosomes. With your basic 

mathematical skills, you should note that the chromosome numbers given in the preceding sentence are even, i.e., 

divisible by 2. What causes the chromosome number in an adult human, a mature corn plant, a mature pea plant, and

a mature lily to be even is explained by sexual reproduction.



Getting Two Sets of Chromosomes

The corn, lily, pea, and human all began when a sperm fused with an egg in the process known as fertilization. At 

that time one set of chromosomes was contributed by the sperm, and another set contributed by the egg. Looking 

at it another way, 7 of the 14 chromosomes in a pea came from the egg, 7 from the sperm. Or, there are two sets of 

7 chromosomes each in every cell of a pea. One set of chromosomes is from the egg, the other from the sperm. For 

you, an example of a typical animal, of the 46 chromosomes in each of your cells, 23 were contributed by Mom's egg,

the other 23 by Dad's sperm.

We use the notation "n" to represent one set of chromosomes. The 23 chromosomes in Mom's egg would be 

indicated by n = 23. Another term for n is haploid. Mom's egg was haploid. Dad's sperm was haploid. The haploid 

number for humans is 23. Mom's egg and Dad's sperm, therefore, had 23 chromosomes each.

After fertilization, the new cell that results from the fusion of an egg and sperm is known as a zygote. A zygote 

contains two sets of chromosomes, which is represented by 2n. One set of chromosomes came from the egg, and 

the other set from the sperm. The term for a cell that contains the 2n number of chromosomes is diploid. Diploid 

also is used as an adjective for an organism that consists of diploid cells. The zygote of a human has the diploid 

number of 46. The zygote of a pea contains the diploid number of 14. The zygote of the wild relative of the potato 

contains the diploid number of 24. Another way of representing this for the corn plant would be, 2n = 20. A corn 

plant is diploid, with 20 chromosomes (the 2n number of chromosomes for corn) in every cell. Each of you reading 

this sentence is diploid. For you, however, the number of chromosomes in each of your cells is 46, the 2n number of 

chromosomes for humans. Let's get back to the newly fertilized egg, the zygote.

From Zygote to the Adult

The zygote divides to form two, new cells. The nucleus of the zygote undergoes mitosis to distribute equal copies of

chromatin to the two new nuclei, of which one each is in one of the two new cells. Each new cell contains a nucleus 

with the 2n number of chromosomes. Those two cells divide to form four cells, each of the 4 cells contains the 2n 

number of chromosomes. Cell divisions occur repeatedly, and eventually there are millions of cells in the organism.

The cells take on specialized functions in a process known as differentiation. In a plant, for example, some cells 

differentiate into leaf cells. Others into xylem cells, others into phloem cells, etc. In animals such as ourselves, 

examples of differentiated cells include white blood cells, nerve cells, skin cells, muscle cells, bone cells, and liver 

cells. From the standpoint of the chromosome numbers, all the cells in a mature organism contain the 2n number of 

chromosomes. For you that is 46 chromosomes. Twenty-three chromosomes in you can be traced back to Mom's egg

prior to fertilization. The other 23 can be traced by to the sperm from Dad that fertilized Mom's egg. This principle 

holds true for plants as well, although we do not refer to "Mom" and "Dad" when talking about plants. In a mature 

pea plant, every cell contains the diploid number of 14 chromosomes in its nucleus. Seven of the chromosomes can 

be traced back to the egg that was fertilized by the sperm that contributed the other 7 chromosomes.

Introduction to Life Cycle Diagrams

One way to generalize and to simplify the principles in the preceding discussion is to use diagrams. For the pea 

plant, a diagram could look something like the following.

For you, the diagram would look something like this.



In general view, part of the life history of a pea plant, or any other seed plant, looks very similar to the life history for

you, or any other higher animal. So we should keep in mind that there are some similarities between plants and 

animals when considering sexual reproduction, the reproduction that involves gametes. But there are some major 

differences which we are going to consider in the next portion of this reading.

Meiosis and Life Cycles

Now that you are a diploid adult with 46 chromosomes in each of your cells, you are capable of repeating in part 

what Mom and Dad did for you: Produce gametes, which, if under the right conditions, can fuse through the process 

of fertilization and thus produce a zygote, the first cell of a new diploid organism. If you are female, you produce 

eggs; if you are male, you produce sperm. Since we learned that the gametes of humans each contain the haploid 

number of chromosomes, the gametes you produce likewise will be haploid.

In human females, the ovaries contain specialized cells that will divide through a special type of cell division in which 

the nuclei go through what is known as meiosis. The specialized cells will produce eggs. In human males, the testes 

contain specialized cells that will divide through meiosis and produce sperm. The process of meiosis is a type of 

nuclear division that changes the diploid (2n) number of chromosomes to the haploid (n) number.

For these readings we will not go through the details of meiosis or into some of the genetic consequences that 

result when nuclei go through meiosis. Those important details can be covered in other readings either on-line or in 

biology textbooks. We do want to emphasize, however, that it is meiosis that converts diploid cells into haploid cells.

For humans and other higher animals, this occurs during the formation of gametes. If we added this to the diagram 

introduced a few paragraphs ago, we would get this.

For plants, we see a different scenario. Meiosis occurs in flowering plants within the flowers. In future lessons we 

will look at some of the details in the different groups of plants as to where meiosis occurs. But for now, what we 

want to note is that when meiosis occurs in plants, such as in the flowers of flowering plants, the immediate meiotic 

products are not gametes! In plants, the immediate products of meiosis are single, haploid cells called spores. 

Spores! In plants, meiosis produces spores!

Spores develop into plants. Since spores are haploid, the plants that spores form are haploid. The haploid plants will 

produce the gametes, the egg and sperm. What we have come to in our comparison of sexual reproduction between

animals and plants is that plants are more complicated than animals because plants have an additional set of plants, 

the haploid ones that develop from spores, in between meiosis and the formation of the gametes.



A lot of plant biologists spend their lives studying how different groups of plants form their spores during meiosis, 

how the spores develop into the haploid plants, and how the haploid plants produce gametes (eggs and sperm) that 

fuse during fertilization to form the zygote. This is where we started: The zygote is 2n and will develop into a 

mature, diploid plant.

The Generalized Plant Life Cycle

To summarize the sequence of the major events in the life histories of plants, we can use the stylized diagram that is

below the following terms. Note that there are some new terms in the diagram. These are important: You should 

learn them so well that you could define them in your sleep.

• sporophyte: diploid plant that produces spores through meiosis

• sporangium (-a): structure on a plant where meiosis occurs and spores are produced

• spore: haploid meiotic product in plants, the first cell in the gametophytic generation of plants

• gametophyte: haploid plant that develops from a spore, produces gametes

• gametangium (-a): structure on a gametophyte that produces gametes

• antheridium (-a): gametangium that produces male gametes (sperm)

• archegonium (-a): gametangium that produces female gametes (eggs)

• meiosis: division that produces cells with nuclei with the haploid chromosome number from a diploid cell

• fertilization: the fusion of gametes and their nuclei to form a zygote

• zygote: a fertilized egg, the first cell in the sporophytic generation of plants

This diagram is generally considered to depict the "life cycle" of a plant. By using the term "life cycle," we are looking

at how a plant starts out at one point, such as the zygote, and goes through a developmental sequence that 

eventually gets the plant to a stage where it contributes to the formation of new plants that are at the same stage 

of development from which the original plant started.

Using the pea plant as an example, it started when an egg was fertilized by a sperm to form the diploid zygote. The 

zygote divided mitotically to form two cells; those two cells divided to form four cells; those four divided to form 

eight, and so on and so forth until we could see a multicellular plant that we recognize as a pea plant with roots, 

stem, leaves, and flowers. This is the sporophyte, with each cell containing the 2n number of chromosomes. For the 

pea this is 14.



The 14 chromosomes in a root cell of a pea plant as seen with confocal scanning laser microscopy.

We will look at the next things that happen in more detail in a later reading, but for now we want to note that in the 

flowers are the sporangia. The sporangia contain cells that go through meiosis to produce spores. The spores 

develop into microscopic, haploid plants, the gametophytes. The gametophytes produce the eggs and sperm, which 

will fuse to form a new zygote. We have just completed the life cycle of a pea plant!

As we go through other readings in this collection, we will be looking at details of the life cycles of different types of

plants. If we do this in an orderly fashion, we will eventually work our way back to the pea and other plants with 

flowers to fill in all the details of sexual reproduction. Once we have looked at the ways plants reproduce sexually, 

we also will have a better understanding of the importance of well-known plant structures such as flowers. We 

likewise will be able to answer practical questions about the significance of seeds, how seeds develop, what parts of 

seeds we use for food, and the development and structure of fruits.



How Do Plants Differ?

To summarize the sequence of the major events in the life histories of plants, we can use the stylized diagram that is

below the following terms.

• sporophyte: diploid plant that produces spores through meiosis

• sporangium (-a): structure on a plant where meiosis occurs and spores are produced

• spore: haploid meiotic product in plants, the first cell in the gametophytic generation of plants

• gametophyte: haploid plant that develops from a spore, produces gametes

• gametangium (-a): structure on a gametophyte that produces gametes

• antheridium (-a): gametangium that produces male gametes (sperm)

• archegonium (-a): gametangium that produces female gametes (eggs)

• meiosis: division that produces cells with nuclei with the haploid chromosome number from a diploid cell 

• fertilization: the fusion of gametes and their nuclei to form a zygote

• zygote: a fertilized egg, the first cell in the sporophytic generation of plants

This diagram is generally considered to depict the "life cycle" of a plant. By using the term "life cycle," we are looking

at how a plant starts out at one point, such as the zygote, and goes through a developmental sequence that 

eventually gets the plant to a stage where it contributes to the formation of new plants that are at the same stage 

of development from which the original plant started.

Using the pea plant as an example, it started when an egg was fertilized by a sperm to form the diploid zygote. The 

zygote divided mitotically to form two cells; those two cells divided to form four cells; those four divided to form 

eight, and so on and so forth until we could see a multicellular plant that we recognize as a pea plant with roots, 

stem, leaves, and flowers. This is the sporophyte, with each cell containing the 2n number of chromosomes. For the 

pea this is 14. We will look at the next things that happen in more detail in the reading about the flowering plants, 

but for now we want to note that in the flowers are the sporangia. The sporangia contain cells that go through 

meiosis to produce spores. The spores develop into microscopic, haploid plants, the gametophytes. The 

gametophytes produce the eggs and sperm, which will fuse to form a new zygote. We have just completed the life 

cycle of a pea plant!

The following readings about plants include details of the life cycles of the major groups of plants. As you go 

through the readings and see how sexual reproduction is similar, yet different, for the different groups, you 

hopefully will gain a better understanding of the importance of well-known plant structures such as flowers



Bryophytes

The bryophytes are plants that do not have vascular tissues (xylem and phloem). Bryophytes are small plants, 

generally only several centimeters in height. Also, they usually grow only in moist areas. The major groups within the

bryophytes are the mosses, liverworts, and hornworts. Since mosses are the most common bryophytes, and you 

probably already have come in contact with mosses, we use mosses as our example for bryophytes in general.

The dominant phase of the life cycle is the gametophyte—viz., the part of the life cycle we see the most is the 

gametophyte. The gametophyte is haploid (i.e., has the n number of chromosomes) and produces the gametes. In 

the case of most mosses, one individual gametophyte will produce only male gametes, sperm. Another individual 

will produce only female gametes, eggs. Each female moss gametophyte will have a structure, the archegonium, in 

which an egg is produced. Each male moss gametophyte will have some antheridia, the structures in which sperm 

are produced. Archegonia and antheridia collectively are termed gametangia. The female gametangium is the 

archegonium; the male gametangium is the antheridium.

Fine, greenish or light reddish-brown, filamentous structures, approximately 1-5 centimeters in length, stick out of 

some of the gametophytes. They are the sporophytes growing out of the gametophytes.

Swellings at the tips of the sporophytes are sporangia, the capsules. A cap covering the capsule is the remnant of 

the archegonium and known as the calyptra. The sporophytes of mosses are less noticeable than the gametophytes.

Also, they are dependent on the gametophyte for much of their nutrition.

Meiosis in the sporangium produces spores, the first cells in the haploid (n) phase of the life cycle. Spores germinate 

and develop into gametophytes. Some gametophytes have antheridia that produce sperm; other gametophytes 

have archegonia that produce eggs. Sperm swim from the antheridium of one gametophyte to the archegonium of 

another gametophyte and fertilize the egg. The fertilized egg is the zygote, the first cell in the diploid (2n) phase of 

the life cycle. The zygote divides and after a series of cell divisions develops into the mature sporophyte which 

remains attached to the gametophyte. A sporangium (capsule) develops at the tip of the sporophyte, meiosis occurs 

and spores are produced. 

Note that there is only one type of spore produced in the sporangium. The term for this is homospory. Mosses, 

therefore, are homosporous.





Pteridophytes: Ferns

Pteridophytes are a large group of plants that have vascular tissue but do not produce seeds. The most common 

pteridophytes are the ferns, so we use ferns in this set of readings as our only example of a pteridophyte—the non-

seed vascular plants.

Ferns are beautiful plants recognized mostly by their graceful leaves. The leaves botanically are referred to as 

fronds. The veins of the fronds are vascular bundles, hence ferns are classified in the vascular plants. The fronds are 

part of the sporophyte, each cell, therefore, is diploid (2n).

Many ferns spread by horizontal underground stems, the rhizomes. At the nodes of rhizomes fronds grow up; roots 

grow down from the nodes. Young fronds are shaped like a shepherd's crook or crosier, and, therefore, are called 

crosiers. Another term often applied to crosiers is fiddlehead.

Sporophytes produce spores through the process of meiosis within sporangia. The little dots on the underside of 

fern fronds are collections of sporangia—the collections are known as sori (sorus is the singular). Sori may be 

circular, oblong, or linear, depending on the species of fern.

Sori on the undersides of leaflets of fern leaves (fronds). Mature sori on the left (large arrow); very young 

sori on the right (small arrow).



The shapes of the sori are characteristics used by many botanists to classify ferns. In some ferns, each sorus has a 

little cap known as the indusium.

Higher magnification of sori on the underside of leaflet of fern leaf (frond). This species of fern has 

indusia. Sporangia can be seen sticking out from under the indusium of each sorus.

Meiosis occurs in each sporangium within the sorus, producing haploid (n) spores. Only one type of spore is 

produced in fern sporangia. Ferns, like mosses, are homosporous. Each sporangium has a group of specialized cells, 

the annulus, that straighten out at maturity and rip apart the sporangium. When this occurs spores are released into

the air.

Each spore that lands on a suitable, moist site germinates. First a filamentous structure, the protonema, is formed. 

The protonema is the immature gametophyte. As the protonema develops into the mature gametophyte 

(prothallus), it becomes heart-shaped. Note that the fern gametophyte is green (i.e., photosynthetic) and free-living

from the sporophyte. It is also much smaller than the sporophyte. A typical fern gametophyte is about the size of a 

fingernail. Each cell of the gametophyte is haploid (n).

On the underside of a mature fern gametophyte are the sperm-producing antheridia and egg-producing 

archegonia. Sperm swim from the antheridia to the archegonia. One sperm swims up the neck of an archegonium 

and fuses with the egg to form the diploid zygote, the first cell in the sporophytic generation.

The zygote divides, and after a series of cell divisions the young sporophyte can be seen growing from the 

gametophyte. The young fern sporophyte is not dependent on the gametophyte. Instead, the fern sporophyte gets 

larger than the gametophyte, eventually obscuring or crushing it. The sporophyte grows at the apical meristem of 

the stem.





Gymnosperms

Gymnosperms are one of the two groups of seed plants. The flowering plants (angiosperms), are the other. In going 

from mosses and ferns to the seed plants, we see a very significant difference in plant life cycles. In mosses and 

ferns the propagating units for new individuals are spores. In the seed plants, gymnosperms and angiosperms, the 

propagating units for new individuals are seeds. Spores are single, haploid cells, and develop into gametophytes. 

Seeds, in contrast, are complex structures that contain an immature sporophyte, the embryo.

The remainder of this reading is concerned with how a seed is formed. Although seeds of gymnosperms and 

angiosperms have similarities, this and the reading for angiosperms make several important distinctions between 

seeds of gymnosperms and angiosperms. A major difference between gymnosperms and angiosperms is how the 

seeds are attached to the plant. Seeds of gymnosperms are not enclosed; instead, they are open to the surrounding 

environment. This type of unprotected seed is a naked seed. The name gymnosperm means "naked seed." In 

contrast, seeds of angiosperms are enclosed in a special structure that at maturity is called the fruit.

There are going to be more new terms for you to learn as development of seeds of gymnosperms and angiosperms 

is considered. Be patient and try not to get bogged down with the new terminology. An important point to keep in 

mind is that you already know the basic stages in the life cycles of gymnosperms and angiosperms. Look back at 

readings for bryophytes and ferns, draw a circle, and fill in the words gametes, sperm, egg, fertilization, zygote, 

sporophyte, sporangium, meiosis, spores, gametophyte, antheridium and archegonium.

Gymnosperms are a diverse group of plants, one group of which has cones involved in reproduction. The cone-

producers, botanically called conifers, are the gymnosperms most commonly seen. Pines, spruces, and firs are 

conifers. Since you probably are most familiar with pines, we use them for our example of a gymnosperm life cycle.

The pine tree that you and I recognize as a pine tree is the sporophyte. The sporangia of conifers are contained in 

special structures, the strobili (cones). Upon close examination of a pine tree, we see that there are two types of 

strobili: 1) the large woody strobilus that most people call a "pine cone"; and 2) a much smaller, delicate, yellow 

strobilus. Each type of strobilus produces its own type of spore; there are two types of spores produced by conifers.

This condition where two types of spores are produced is referred to as heterospory as opposed to homospory as 

occurs in mosses and ferns. Gymnosperms, therefore, as exemplified by pine trees, are heterosporous. A major 

distinction we can make between seed plants (gymnosperms and angiosperms) and the non-seed plants (mosses 

and ferns) is that seed plants are heterosporous and non-seed plants are homosporous. Back to the example of a 

gymnosperm, the pine tree.

The smaller strobili of a pine tree occur in clusters at the tips of branches. The smaller strobili properly are called 

staminate strobili, but many people, including botanists, often refer to them as "male cones" or "male strobili." 

Think of each male strobilus as a very shortened branch, and each scale-like leaf with two sacs attached to the 

underside. The sacs are the sporangia. Within each sporangium meiosis occurs in many cells; many haploid spores are

produced.

A cluster of male strobili (cones) of pine at the tip of a branch in early spring prior to the release of pollen.



The spores produced in the sporangia of the male strobili are smaller than the spores produced in the larger strobili. 

The smaller spores are called microspores. Each microspore develops into a gametophyte that itself is very small. 

The small gametophyte is called the microgametophyte. Microgametophytes also are called pollen. Each pollen at 

maturity consists of only a few cells. Two cells are the sperm. Note that each cell of the microgametophyte, 

including the two sperm, is haploid. Also, there is no antheridium in which the sperm are produced.

In the spring, pine trees produce millions of pollen grains. If you are one of those unfortunate individuals who is 

allergic to pine pollen, you will sneeze a lot when pollen is being released from sporangia in male cones. If you have 

a pine tree near your house, you will dust up a lot of yellow dust, the pine pollen, from your furniture.

The larger strobilus of the pine tree is what most people think of as a pine cone, sometimes referring to it as the 

"female cone" or "female strobilus." In the female cone is a structure, the ovule, that contains the megasporangium.

If you think of a pine cone as a shortened branch, each scale-like leaf contains two ovules on the topside of the leaf. 

The integument of the ovule protects the megasporangium. An opening in the integument, the micropyle. A space 

between the micropyle and the megasporangium is called the pollen chamber. Both micropyle and pollen chamber 

have important roles in the pine life cycle.

Only one cell in each megasporangium goes through meiosis. In addition, only one haploid megaspore is produced 

by meiosis in each megasporangium. The single megaspore develops into a multicellular megagametophyte. Within 

the megagametophyte are several archegonia, each with an egg. Note that all of this development has occurred 

within the ovule sitting on the leaf-like scale in a pine cone.

To complete the life cycle, a sperm will fuse with an egg to form a zygote, the first cell in the diploid, sporophytic 

generation. For this to eventually happen, the first step is for the pollen to float through the air and land on top of a 

scale in the female cone. The transfer of pollen from the male cone to the female cone is pollination. When an ovule

is receptive, a drop of sticky fluid is produced and fills the pollen chamber; some fluid exudes through the micropyle.

Pollen sticks in the fluid exuding from the micropyle. As the fluid dries, it and the stuck pollen are drawn in through 

the micropyle. The micropyle grows shut, entrapping pollen in the pollen chamber.

The pollen germinates and a tube digests through the megasporangium and into the megagametophyte. Eventually 

the pollen tube grows close to an archegonium and ruptures, releasing a sperm into the egg. The fused sperm and 

egg is the diploid zygote, the first cell in the sporophytic phase of the life cycle.

Remember that all of this has been happening inside the ovule! The zygote goes through cellular division, and after 

many divisions an immature sporophyte is developed within the ovule and is surrounded by the megagametophyte. 

The immature sporophyte is an embryo. While this is happening the outermost layer of the ovule, the integument, 

develops into the seed coat. We now have a mature pine seed.

A seed is a matured ovule. In this example of a gymnosperm, the pine, the matured ovule consists of a seed coat, 

megagametophyte, and embryo. This is a very complex structure if you pause to think about it. The seed coat is 

diploid tissue from the original parent sporophyte. The megagametophyte is a haploid plant that developed from a 

megaspore produced by the original sporophyte. The embryo is a new diploid sporophyte. Looking at it another way,

a pine seed really is a combination of three different plants.

Female strobili (cones) of pine: the one on the left a young cone several weeks after pollination, the 

cone on the right a year after pollination.



A mature female pine cone is woody. The scales separate and the seeds drop off the scales. Most pine cones you 

pick up during a walk in the woods already have released their seeds. But if you look carefully at the topside of one 

of the scales you can see two oblong indentations where the ovules (seeds) were attached. To see younger stages of

pine cones, look on the tree. Since it takes two years for a cone to develop to maturity, you often can find pine cones

of different stages of development on the same tree. If you want to see what a pine seed looks like, or even taste 

one, go to a fine food store and buy a jar of "pine nuts" —they are pine seeds.

Female strobili (cones) of pine: the one on the left a young cone a year after pollination, the right 

a mature cone that has opened and released the seeds.

Upon germination of the seed, the young sporophyte begins to grow. It may take several to many years before the 

new sporophyte has matured enough to produce cones, thus completing the life cycle.

In summary of the gymnosperm life cycle as exemplified by pines, gymnosperms are heterosporous vascular plants 

with naked seeds. Microspores are produced by meiosis in male strobili and develop into pollen 

(microgametophytes). Megaspores are produced within ovules in female cones and develop into 

megagametophytes. The matured ovule (seed) consists of a seed coat, megagametophyte, and embryo.



The Flowering Plants

The flowering plants (aka angiosperms) are the most common plants on earth at the present time. For this reason 

most people think of flowering plants when they think of plants in general.

Oak trees and maple trees are flowering plants. Likewise, the grasses are flowering plants even though their flowers

are not as showy as those of the great white Trillium, the red bud tree, or the wild crabapple. Some plants have 

flowers with all the parts (pistil, stamens, petals, and sepals), i.e., the flowers are complete. Other plants have 

flowers with just pistils, petals and sepals on one individual (imperfect flowers); and flowers with just stamens, 

petals and sepals on other individuals (also imperfect flowers). Some flowering plants, the annual herbs, take only 

one growing season to complete their life cycle (go from seed-to-seed). Others such as the oak trees take many 

years.

There is no one angiosperm that would serve as an example that could represent the entire group. So this discussion

of the life cycle we use an idealized plant, one that in principle represents the major features of the group.

The flowering plants that we observe day-in-and-day-out are the sporophytic phase of the life cycle. The two main 

structures involved in the life cycle and seed formation are the stamens and pistil. Angiosperms, like gymnosperms, 

are heterosporous, producing two types of spores.

Meiosis within many cells within the anther of the stamens produces many microspores. Microspores are haploid and

develop into microgametophytes. Microgametophytes also are called pollen. Up to now in general terms the 

development of pollen in flowering plants is similar to pollen development of gymnosperms. But pollen of 

angiosperms is much simpler at maturity than gymnosperm pollen. A mature angiosperm pollen grain consists of 

three cells: A large cell called the tube cell contains within it two smaller cells, the sperm.

At maturity, the anther splits and pollen is released. Depending on the plant, pollen is then transferred to the pistil 

either by wind or an animal such as an insect or bird. The transfer of pollen from anther to pistil is pollination.

The pistil consists of stigma, style, and ovary. Pollen lands on the stigma portion of the pistil. We leave the pollen 

sitting on the stigma and concentrate for the moment on the ovary.

Within the ovary are ovules. This is an important difference between gymnosperms and angiosperms: ovules of 

angiosperms are enclosed within an ovary! The number of ovules within an ovary varies with species. We are going 

to jump ahead just a little: the ovary will develop into a fruit; ovules develop into seeds. Think of some fruits and the 

seed inside and you should get the idea of how ovules are arranged within ovaries. A peach has one seed; only one 

ovule was within the ovary. A watermelon has many seeds; many ovules were within the ovary. More about fruits 

later. Let's get back to development within the ovule and how an ovule develops into a seed.

The outer layer of the ovule is the integument. There is an opening at one end of the integument, the micropyle. The

interior of the ovule is the megasporangium which contains one cell that goes through meiosis. Only one haploid 

megaspore results from meiosis.

The megaspore develops into a megagametophyte. There is a big difference, however, between megagametophytes

of gymnosperms and angiosperms. The mature megagametophyte of angiosperms is called the embryo sac and 

consists of seven cells with a total of eight nuclei. The large, central cell contains two nuclei, the polar nuclei. At the 

micropylar end of the embryo sac is the egg nestled between two cells. Some botanists consider the two cells 

adjacent to the egg as a very small archegonium.

Remember the pollen we left sitting on top of the stigma? While we were watching the megaspore develop into the 

embryo sac the pollen germinated. A pollen tube started growing down through the stigma and style, and through 

the ovary wall. As the tip of the pollen tube grew through the stigma, style, and ovary, the two sperm were carried 

right behind the growing tip of the pollen tube. We now have found the pollen tube growing right up into the 

micropyle.

A lot of exciting things happen! First, the pollen tube ruptures. As this occurs the two sperm are discharged into one 

of the cells next to the egg. One sperm passes through this cell and fuses with the egg and the diploid zygote is 

formed. We knew that would happen. But the other sperm also passes through the cell and goes into the large 

central cell. Here the second sperm fuses with the two polar nuclei! This fusion product contains three nuclei, hence 

three sets of chromosomes. The second fertilization forms a triploid (3n) nucleus called the primary endosperm 

nucleus. More about the primary endosperm nucleus in a little while.



First let's review what has just happened. One sperm fused with the egg to form the zygote. The second sperm 

fused with the polar nuclei to form the primary endosperm nucleus. We now have seen something that is unique to 

flowering plants: double fertilization.

Stereo pair of intact ovule showing the moment of double fertilization in potato. One sperm nucleus is 

near the two polar nuclei and the other sperm nucleus near the egg nucleus. The other two bright objects 

are known as "x-bodies," one the remnants of the vegetative (tube) nucleus and the other the nucleus of 

the degenerated cell that the pollen tube entered.

The confocal scanning laser microscopy images are presented so that the two side-by-side images form a 

stereo pair for viewing with a standard stereo viewer or map-reading device, or by relaxing and crossing 

your eyes until the right and left images of each pair fuse into one.

Reference: Braselton, J. P., M. J. Wilkinson, & S. A. Clulow. 1996. Feulgen staining of intact plant tissues 

for confocal microscopy. Biotech. & Histochem. 71: 84-87.

A seed is a matured ovule. The integument of the ovule develops into the seed coat. The zygote develops into an 

immature sporophyte, the embryo. The primary endosperm nucleus divides and after many divisions fills the seed 

around the embryo with a triploid tissue called the endosperm. The mature angiosperm seed consists of old 

sporophyte (seed coat), a new sporophyte (embryo), and another product of fertilization, the endosperm.

Recall that the ovule is contained within an ovary. While the ovule is maturing, so is the ovary. The ovary matures 

into a fruit.

Two views of a fruit (legume) of Scotchbroom. In the upper photo, remnants of all floral parts are present.

In the lower photo which had strong light shining through the fruit, the unfertilized ovules are small (small

arrow) whereas the fertilized ovules (large arrow) will matured into seeds.

We essentially have completed the life cycle of an angiosperm. If the seed is put in the right environment it will 

germinate. If it is the seed for an annual plant, the seedling will rapidly develop into a mature plant that will flower 

and produce seeds and fruit within one growing season. Examples of annuals are beans, peas, and corn. Seeds of 

biennial plants germinate and grow into a fairly mature plant the first year; the plant will not flower and form fruits 

and seeds, however, until the second year. If the seed is of a perennial plant, the seedling will develop into a larger 

plant that may take many years to mature before it flowers and produces seeds and fruits.



Monocots and Dicots

Let us now turn our attention to some basic variations in seed structure of angiosperms. In other readings the terms 

monocot and dicot were used to distinguish between the two major groups of flowering plants. Several differences 

in flower structure, stem structure, and leaf structure have been mentioned. What ultimately distinguishes 

monocots from dicots, however, is structure of the embryo within the seed.

An embryo is a miniature plant, consisting mainly of an axis with an embryonic shoot and embryonic root. Near the 

junction of the embryonic root and shoot is attached a leaf-like structure that is called either a seed leaf or 

cotyledon. Embryos in seeds of monocots have only one cotyledon, hence the designation monocotyledon (one 

cotyledon). All the flowering plants with seeds that have embryos with a single cotyledon are placed in the Class 

Monocotyledonae. Another term for the single cotyledon is scutellum.

Two cotyledons are attached to the embryo in the dicots. All the flowering plants with embryos with two cotyledons

are placed in the Class Dicotyledonae.

Another major difference generally occurs between seeds of dicots and monocots, but it is not a definitive 

characteristic. Monocot seeds generally have endosperm present at maturity. The endosperm serves as a food 

source for the embryo when it starts to grow during germination of the seed. Dicot seeds generally do not have 

endosperm present. Instead, food from the endosperm was transported into and stored within the two cotyledons 

during maturation of the seed. The two cotyledons take up most of the bulk of the dicot seed. As the embryo starts 

to grow upon germination of the seed, food stored in the cotyledons is used for the initial source of energy for the 

young plant.

In addition to seed structure, there are four other differences between monocots and dicots. (Keep in mind that the 

definitive difference between the two groups is the number of cotyledons attached to the embryo.)

• Flowers of monocots generally have the parts in threes or groups of three. For example, a monocot flower 

may have three sepals, three petals, six stamens, and a pistil with three chambers. Flowers of dicots 

generally have the parts in fours or fives, or multiples of four or five.

Monocot vs. dicot flowers: left is spiderwort, a monocot; right is phlox. a dicot.

• Leaves of monocots generally have parallel venation whereas leaves of dicots generally have netted 

venation.

Monocot vs. dicot leaves: left is daylily, a monocot; right is mint, a dicot.



• When viewed in cross section, vascular bundles in primary growth of stems of dicots occur in a ring between 

the pith to the interior and the cortex to the exterior. Vascular bundles in monocots generally are scattered 

throughout the stem.

• Dicots that have secondary growth do so with a vascular cambium. Monocots generally do not have 

secondary growth and hence do not have vascular cambium.



Further Reading

The following links are sources for additional information about the world of plants. Although there are not many 

sites listed here, several of the sites contain links that lead to additional sites. Unfortunately, some of the owners of 

the sites listed here have not kept their respective sites up-to-date, so do not be surprised if you get a "404 File Not 

Found" error message when following links on some of these sites.

• Botany

Excellent general treatment of botany at The Free Dictionary with many links

• Plant Sexuality

Variations in and terminology for plant reproduction at The Free Dictionary

• Bugwood.org

Emphasis on forestry images, insect images, and invasive and exotic species

• Wayne's Word

An on-line textbook of natural history

• Photographic Atlas of Plant Anatomy

These images will be useful to people teaching (and taking) plant anatomy and related courses

• World Flora Online

An online flora of all known plants, a project of the World Flora Online Consortium

• A Higher Level Classification of All Living Organisms

An advanced article about what the authors consider to be a classification of all living organisms

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4418965/?report=reader
http://www.worldfloraonline.org/
http://botweb.uwsp.edu/anatomy/
https://www2.palomar.edu/users/warmstrong/bot115.htm
http://www.bugwood.org/
https://encyclopedia.thefreedictionary.com/Plant+sexuality
https://encyclopedia.thefreedictionary.com/Botany

