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Learning Objectives 

1. Gain a general understanding ofbotany. 

2. Be able to identify the basic parts of a plant. 

3. Gain an understanding of how a plant functions. 

4. Appreciate how environmental factors affect plant growth and 
development. 

5. Become familiar with the basic botanical terms used in plant 
classification. 



Garden Botany 

Introduction 

Botany is the science that studies plants. This includes the study of non-vascular 
plants such as algae, mosses and liverworts as well as vascular plants like ferns, 
grasses, herbaceous flowering plants, deciduous and coniferous trees and shrubs. 
Students of plants often specialize in anatomy, physiology, genetics, taxonomy, 
ecology, pathology or other plant specialties. Many applied disciplines are 
associated with plant sciences. 

On college and university campuses plant sciences are often divided into botany, 
horticulture, agronomy, plant pathology, ecology and other departments. Botany 
or Plant Biology departments offer studies in plant physiology, taxonomy, 
ecology and morphology, i.e. how the plant is structured and named and how it 
works. Horticulture departments devote studies primarily in the production and 
care of ornamentals, fruits and vegetables, Agronomy departments concentrate on 
the production and management of field crops and the management of soils. 
Turfgrass studies can be in agronomy or horticulture. Forestry is concerned with 
the management of forests for the production of timber and wood products; 
arboriculture focuses primarily on the care and maintenance of trees. Horticulture, 
agronomy, forestry and arboriculture are considered applied sciences, since their 
work includes practical growing considerations, such as soil, air, nutrients; pests, 
and water relations in the growing plants. 

Disciplines closely related to the plant sciences include soil science, weed 
science, plant pathology and entomology. Soil science is the discipline concerned 
with the comp~nents, structure and nutrient levels of soils. Weed management in 
crop systems is the concern of weed scientists. Plant diseases and their control is 
the interest of plant pathologists. Entomology is the study of insects, particularly. 
those that either harm or benefit plants and plant production. 

Anatomy and Morphology 

Cell Structure 

Structures found in living plant cells include a cell wall, a cell membrane, 
cytoplasm, organelles such as chloroplasts, and usually a large vacuole (Figure 1). · 
A fundamental difference between plant cells and animal cells is that plant cells 
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contain cell walls and vacuoles but animal cells do not. The cell wall is 
composed of cellulose, a form of carbohydrate. Plant cells, in leaves and certain 
stems, also contain the pigment chlorophyll found in coin like structures called 
grana inside organelles known as chloroplasts. The vacuole is filled with a 
watery cell sap and may store some by-products of metabolism. Just as in 
animals, plants contain numerous cell types with their own special functions. 

Figure 1. Details of a plant cell 

Tissues 

Groups or clusters of cells with similar structure and function are called tissues. 
There are numerous plant tissue types in higher plants. Of particular importance 
are meristematic, epidermal and vascular tissues. Meristematic tissue is where 
cell division and growth occurs. This is usually in buds, root tips and shoot tips. 
Epidermis is the tissue which forms the outer surface of leaves, stems and roots. 

Xylem and phloem are the two principal vascular tissues. Phloem conducts food 
(a sugar solution) and plant hormones through the plant. Phloem cells are tubular 
cells connected end to end with sieve-like plates at the ends of the cells. The 
cytoplasm of one phloem cell is continuous with the next and extends through the 
sieve plates from cell to cell. Phloem conducts sucrose (a product of 
photosynthesis) from a source (where it's made or where it's stored) to a sink (a 
storage location or a point of growth). For example, in summer when leaves are 
carrying on photosynthesis, the phloem conducts the sucrose from the leaves to 
roots and rhizomes for storage and to growing tissue in stem tips, root tips, or 
where fruit is developing. In spring, when dormancy has been broken, the phloem 
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Seeds 

conducts sucrose from the place of storage (roots) to the place of growth (new 
leaves, new stems). Xylem is the major water and mineral conducting tissue in 
vascular plants. Xylem vessels are tubular cells, tapered at their terminal ends, 
connected end to end forming a continuous pipeline from the roots through the 
stems and into the leaves. There are long hollow cells, called tracheids, and short . 
hollow cells, called vessels, that conduct the water and minerals up through the 
plant. 

There are three major groups of plants that produce seed as part of their life cycle. 
These include conifers or gymnosperms (pines, spruce and fir) with naked seeds 
(not surrounded by an ovary) and flowering plants or angiosperms. Angiosperms 
produce seed within an ovary. There are two groups of flowering plants or 
angiosperms. They include the monocotyledonous plants which have one seed 
leaf and the dicotyledonous plants which have two seed leaves within seed 
(Figure 2). 

plumule 

n 

Figure 2. Seed structure 

The seed is surrounded by a seed coat which provides a protective covering for 
the seed. Inside the seed lies an embryo plant in a state of dormancy surrounded 
by a food source. The food source for the germinating plant in monocots is the 
endosperm. In dicots, the food source is stored in the cotyledons. The 
cotyledons begin the process of photosynthesis as soon as they are exposed to 
light in the germination process. The embryo plant within the seed has a plumule 
which is the first true leaf or leaves of the plant. The embryo plant also has a 
radicle which will develop into the root system upon germination. Dicot 
seedlings have two other structures -- a hypocotyl below the cotyledons,. which 
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develops into the lower portion of the stem, and an epicotyle above the 
cotyledons, which develops into the upper stem, addition leaves, flowers and 
fruit. 

Germination 

The period of delayed germination is called dormancy, when the embryo stops 
growing. Different seed require different internal or external stimuli in order to 
break dormancy and begin germination. An internal factor maintaining dormancy 
may be a certain concentration of abscisic acid, a plant hormone. External 
influences include water, temperature, and light. 

The most common stimulus for breaking dormancy is water. The seed imbibes 
water and swells, bursting the seed coat: The water also activates enzymes which 
activate the growth of the embryo and facilitates the absorption of the food from 
the endosperm or cotyledons. Water also washes out inhibitors of germination. 

The optimal temperature for seed germination is near room temperature. 
Individual species have their own individual optimal temperatures. Seeds of 
woody plants in temperate climates often follow a process of stratification. This 
is a situation where the seed must be subjected to a wet period that is followed by 
a cold period of several weeks before the seed will germinate. These conditions 
activate chemicals which stimulate germination. 

Seed of birch, certain grasses, and some varieties of lettuce are stimulated to 
germinate when exposed to red light. They don't germinate in the dark because 
they contain an inhibitor that is only broken down in the presence of red light. 
The effect of red light on these seed can be reversed by exposing the seed to far
red light. Likewise, far red light's impact can be reversed by exposure to red 
light. 

Still other seed fail to germinate unless they go through a process of scarification. 
These are seed which usually have a very tough seed coat or are surrounded by 
tightly sealed endocarp. These layers can be weakened or removed by 
scarification. This can occur when subjected to bacterial action, freeze-thaw 
cycles, abrasion by rodents chewing at the seed coat or endocarp, or by the seed 
passing through the gut of an animal. 

Seed germination is initiated by the absorption of water. Water may cause the 
swelling of the seed but it also speeds up the metabolic activity in the embryo and 
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the cotyledons by activating enzyme systems. Then the embryo expands and its 
cells multiply and grow. The radicle forces its way out of the seed and growns · 
downward. Then the shoot emerges from the seed and grows upward out of the 
soil. 

Shoot and Root Systems 

There are two basic parts of a plant, the above ground portion called the shoot 
(stems, leaves, flowers, fruit, seed) and the below ground portion referred to as 
the root system (figure 3) 

Figure 3. Root and shoot terminology 

Shoots 

The stems of the plant support the leaves. They contain vascular tissue with 
xylem conducting water and minerals up through the plant and phloem carrying 
food (sucrose) from source (usually the leaves) to sink (either the growing points 
or storage tissue). Points on the stem to which buds, leaves and other structures 
are attached are called nodes. The stem between two nodes is called an internode. 
The bud at the end of a stem is the terminal bud containing meristematic. tissue 
which causes the stem to grow in length. Other buds attached at nodes further 
down on the stem are called lateral or axillary buds which also contain 

CCE-MG garden botany rev.12-04 6 



meristematic tissue. Some of these may be responsible for the growth of stems 
and leaves while others are flower buds. 

The tissues of the herbaceous stem include epidermis on the surface; xylem, 
phloem and vascular cambium organized into vascular bundles, and; 
parenchyma tissue found in the cortex and pith (Figure 4). 

Monocot Stem Oioot Stem 

Figure 4. Cross-section of a monocot and herbaceous dicot stem 

The organization and arrangement of vascular bundles differs in monocots and 
dicots. Monocot vascular bundles are arranged in loosely organized concentric 
circles throughout the stem cross-section. These bundles contain several large 
xylem vessels and a cluster of phloem cells (sieve tubes) surrounded by a layer of 
sclerenchyma tissue (woody, fibrous cells, thick walled cells) (Figure 5). Dicot 
vascular bundles are arranged in a single ring with cortex between the bundles 
and the epidermis and pith towards the center of the stem. The dicot bundles 
contain xylem vessels loosely arranged in rows, a cluster of phloem cells, with the 
phloem and xylem separated by a layer of vascular cambium (meristematic 
tissue). Again, the entire bundle is surrounded by a layer of sclerenchyma tissue 
(Figure 5). Additional comparisons between monocots and dicots are shown on 
Table 1. 
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Vascular bundle vascular bundle 

Monocot Root Dicot·Root 

Figure 5. Cross sections of monocot and herbaceous dicot vascular bundles 

Table 1. A comparison of monocot and dicot characteristics 

Characteristic Dicots Monocots 
Flower parts In fours or fives In threes (usually) 
Pollen Usually tricolpate Monocolpate (having one 

(having three furrows or furrow or pore) 
pores) 

Cotyledons Two One 
Leaf venation Usually net-like Usually parallel 
Leaf vascular bundle In a ring Loosely concentric rings 
arrangement 
Vascular cambium in Commonly present Absent 
vascular bundles 
Typical examples Most trees and shrub Cattails, grasses, irises, 

other than conifers. lilies, orchids 
Most broad leaved 
flowering plants. 

Stems of monocots and herbaceous dicots grow vertically, but rarely do they 
branch horizontally. Woody dicot stems do branch horizontally Besides growing . 
vertically and horizontally (through branches) in length, woody plant stems grow 
in girth. Their internal structure differs from herbaceous dicots. The central 
portion of the woody stem consists of annual growth rings of xylem, surrounded 
by a thin layer of meristematic tissue (cambium) and several concentric layers of 
phloem tissue between the vascular cambium and the outer epidermis. The very 
center of the woody dicot stem may also contain some pith (parenchyma tissue). 
The xylem vessels produced in spring have large diameters while those produced 
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Buds 

later in the growing season are smaller in diameter. This differential growth 
results in the appearance of annual rings. 

Older xylem in the center of woody stems is not functional, and old phloem is 
crushed as new tissue is formed and the stem diameter increases. Only a narrow 
band of cells inside the bark is alive and functional. Therefore, when wires are 
placed tightly around woody stems, the tissue is crushed as the stem expands in 
diameter, preventing transport through this constricted region. The stem is said to 
be girdled. Woody stems also have a layer of cambium (meristematic tissue) 
under the bark, the cork cambium, which produces the bark cells. 

Stems can be highly modified. They may be simple or highly branched. Stems 
referred to as crowns have very short internodes with leaves forming a rosette as 
in cabbage. Some stems are adapted for climbing or creeping as in ivy. A stolon 
is a stem with horizontal above-ground growth (strawberries) while a rhizome is a 
horizontal below-ground stem (iris, quackgrass) (Figure 6). 

Rhizome 

Figure 6. Stem modifications 

Buds are located at the ends of stems (terminal buds) and in the axils of leaves 
(lateral or axillary buds). They are usually surrounded by modified leaves called 
bud scales and they contain meristematic tissue which develops into stem, leaf or 
flower tissues. 
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Figure 7. Bud details 

Leaves 

The principal function of leaves is to produce food via photosynthesis, to 
exchanges gases with the air surrounding the leaf, releasing water vapor and 
taking in carbon dioxide and oxygen. The leaf blade is the broad flat portion of 
the leaf, its edge is called the leaf margin (Figure 8). 

~¥'--.........__ axifary bud 
~----petiole 

~.,._....._ ___ leaf scar 

,.,.,.,_,........~...___._.lenticef 

Figure 8. Details of leaf petiole and stem 

The blade is attached to a stem by its petiole. The petiole contains vascular tissue 
which forms a continuum of xylem and phloem from the stem, through the petiole 
and into the veins of the leaf blade. For each species of plant the blade has a 
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characteristic shape (oval, pointed, lobed), margin (smooth, toothed, etc.) and 
texture (smooth, hairy, waxy, etc.) (Figure 9). 

entire fin&ly toothed toothed 

* 
Figure 9. Leaf margin types 

Leaves are attached to stems at the stem nodes. The leaves may be attached in 
pairs opposite one another on the stem (opposite leaf arrangement) (Figure 10). 
They may be attached singly at a node with the leaves alternating from one side of 
the stem to the other (alternate leaf arrangement). Finally, there may be a circle 
of leaves attached at a single node (whorled leaf arrangement). Leaves may be 
simple with one leaf blade attached to a petiole or they may be compound with 
the leaf blade divided into leaflets. Three arrangements of leaflets can be found in 
compound leaves. In palmately compound leaves, all the leaflets are attached to 
the same location (at the end of the petiole). In pinnately compound leaves, the 
leaflets are attached to an extens!on of the petiole (the rachis). In bipinnately 
compound leaves the rachis is pinnately branched and the leaflets are attached to 
the secondary rachis (FigurelO). 

Simple Leaf 

Figure 10. Simple and compound leaves 
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Leaves can be identified by the pattern of their veins (venation). In monocot 
leaves, the veins extend from the stem to the tip of the leaf (parallel venation) 
(Figure 11). Dicot leaves have a network of veins with the principal veins 
forming two patterns (net-venation). In palmately veined leaves the principal 
veins all begin at the petiole and radiate outward. In pinnately veined leaves there 
is one main vein that runs down the center of the blade with secondary veins 
branching from the main vein. 

netaveined 
parallel-veined 

Figure 11. Common forms of leaf venation 

When the cross section of a leaf is examined microscopically we find that the leaf 
contains cell layers (Figure 12). The upper and lower layers are epidermis with 
one, the other or both containing openings or stomata through which gases are 
exchanged. Two guard cells at each stomate are responsible for opening and 
closing the stomate. Sandwiched between the upper and lower epidermis are the 
mesophyll cells which occur in two layers. The upper most layer is called the 
palisade mesophyll composed of one or more cell layers of columnar shaped cells. 
The lower layer is the spongy mesophyll with irregular shaped cells and a 
considerable amount of space between the cells. This is the area in which most of 
the evaporation of water occurs and where gases (water vapor, carbon dioxide, 
oxygen) are exchanged with the air surrounding the leaf. Veins pass between the 
palisade and spongy mesophyll carrying water into the leaf and carrying sucrose 
away. The veins have a cluster of phloem cells and a cluster of xylem vessels all 
of which is surrounded by a layer of bundle sheath cells. Chloroplasts are 
located in the mesophyll cells. These contain chlorophyll and are the site of 
photosynthesis. 
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Roots 

Figure 12. Leaf cross-section 

Roots are responsible for the uptake of water and nutrients from the soil (Figure 
13). Another function of the root system is to anchor the plant in the soil. Unlike 
the stems, the roots have no nodes. The primary root originates from the radicle 
of the embryo plant. When the primary root continues to elongate and thicken 
and remains the largest root in the root system it is called a tap root. In many 
species the primary root branches and re-branches forming a fibrous root system. 

Near the tip of all roots the root hairs may be seen. Each root hair is an extension 
of an epidermal cell. These root hairs are the primary location for the absorption 
of water and minerals. Another type of root, called adventitious roots, can be 
seen growing from stems, particularly those that form on vines (such as poison 
ivy). 

Observing the root tip microscopically, three major zones can be seen (Figure 13). 
Near the end of the root tip is a cluster of meristematic tissue. Tl)is is where cell 
division occurs. It is covered by the root cap composed of cells that are sloughed 
off as the root grows through the soil. Above the meristematic cells is the zone of 
elongation when the meristematic cells differentiate into various cell types and 
they elongate. As they do so, they push the meristematic region and the root cap 
through the soil. Above the zone of elongation is the zone of maturation where 
the cells mature into the various tissue types (xylem, phloem, epidermis, 
parenchyma, etc.). It is also the zone where we find the root hairs on the 
epidermal cells. 
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In a cross section of a root (Figure 14), inside the epidermis, is an area of 
parenchyma cells called the cortex. Water and minerals absorbed by the 
epidermal root hairs cross the cortex and enter the vascular tissue in the central 
cylinder. They then proceed up the root to the stem in the xylem. Food moves 
through the phloem and, if it is to be stored, it moves out into the cortex where it's 
stored. The xylem and phloem in the central cylinder are continuous with the 

Figure 13. Anatomy of the root tip 

xylem and phloem in the stems and leaves. Note (in Figure 14) that the structure 
of monocot and dicot roots are slightly different. In the dicot root there is 
vascular cambium between the xylem and phloem. It divides and produces xylem 
cells towards the center of the root and phloem cells to the outside. The vascular 
tissue is surrounded by two layers of cells, the pericycle and endodennis, which 
separate it from the cortex. The endodennis acts as a selective membrane which 
controls materials moving from the cortex to the vascular tissue. The pericyde is 
composed of meristematic cells which, when they divide, form secondary roots, 
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which grow through the cortex and epidermis into the surrounding soil. 

cambium xylem 

Dicot root Mcmocot root 

Figure 14. Root cross sections 

Fibrous roots 

Tap root 

Figure 15. Root systems 

There are several types of roots. Many herbaceous dicots have a tap root system 
where the primary root of the embryo grows, lengthens and thickens and remains 
the dominant root of the system (carrots, beets, Queen Anne's Lace). Monocots 
tend to have fibrous root systems as do woody dicots. This is a situation where 
the primary root divides and redivides as it grows forming a many branched 
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system. Adventitious roots are those that grow from stems (poison ivy; 
screwpine), from stolons (strawberry), or from rhizomes (common reed). 

Adaptive Structures 

Plants have adapted to growth in a variety of environmental conditions. We find 
plants growing in extreme temperatures, extremes in moisture conditions, in 
saline soils. In order to grow in different climatic conditions plants have evolved 
structural and functional adaptations which allow them to cope under these 
conditions. 

Water and Food Storage 

In order for water to be available for absorption by plants it must be present and 
at a temperature at which the roots cu-e metabolically active. Water may not be 
available either because it isn't present in the soil or because it's in the soil but in 
a frozen state. It might also be in the soil, yet unavailable, because it is saline. 
An adaptation enabling annual plants to survive dry seasons is seed dormancy. 
Perennials have evolved a variety of survival mechanisms one of which is water 
storage in modified sterns (cacti). 

Modifications involving food storage includes the formation of bulbs, corms, and 
tubers. Bulbs are short sterns protected by thick fleshy leaves. Corms are short, 
swollen sterns covered by dry, scale-like leaves. Tubers are swollen tips of 
rhizomes. The "eyes" of a white potato are axillary buds. Bulbs, corms, tubers 
and tuberous roots (sweet potatoes and dahlias) are all modified structures which 
store food materials and which enable the plant to survive adverse environmental 
conditions. 

Defense 

Animals can be a threat to the survival of plants. Some consume roots, others 
shoots. Selective feeders may select and consume only leaves or only flowers. It 
should not be surprising, therefore, that plants have evolved mechanisms to deter 
herbivores. Thorns are modified short branches that arise from axillary buds, 
Spines are modified leaves or parts of leaves. Cactus spines are the remains of 
rigid petioles. In holly leaves, the major veins terminate in marginal spines. Rose 
thorns are prickles which are short outgrows from epidennal tissue of sterns, 
leaves, and sometimes fruit. Epidermal hairs, like those in stinging nettle, cause 
skin rashes in animals. 

CCE-MG garden botany rev.l2-04 16 



Chemical defenses have evolved like the toxins produced by poison ivy which 
cause skin rashes. Some phytotoxins can stunt the growth of animals that 
consume them. Plants often resort to a kind of "chemical warfare" when they 
produce terpenes and phenolics which prevent the germination of the seed of 
competitors. This is known as allelopathy. Some allelopathic agents also impact 
bacterial species growing in the soils beneath the plant. 

Climbing 

Plants that have developed climbing structures are able to compete for sunlight. 
They are able to elevate their leaves closer to the available light. This is a distinct 
advantage in a forest situation. Tendrils are either modified leaves (peas) or 
modified stems (grapes) which allow the plant to hang onto or wrap around other 
plants or objects. Twining stems (dodder) allow the plant to climb by wrapping 
around other plants or objects. Adventitious roots of poison ivy and Virginia 
creeper allow these woody stems to climb higher as the tree canopy grows 
upward. 

Plant Growth and Development 

Growth Regulation 

Plant Hormones 

Plant hormones are organic compounds that are produced in one part of the plant 
and transported elsewhere where they elicit a physiological response. These 
compounds are effective at very low concentrations. There are five classes of 
growth regulators including auxins, gibberillins, cytokinins, ethylene, and abscisic 
acid. 

Auxins are produced in the apical tips of stems and move downward through the 
plant.. They promote cell division and cell elongation and also induce adventitious 
root formation on plant cuttings. Auxins are responsible for gravitropism (growth 
response to gravity), phototropism (growth response to light), and apical 
dominance. Apical dominance is the suppression of lateral buds by auxin 
produced by the terminal bud. This is seen most clearly in conifers that have one 
dominant leader. Removal of the terminal bud eliminates the flow of auxin from 
the terminal bud causing lateral buds to assume apical dominance and grow 
upward. Auxins also inhibit abscission and stimulate ethylene production. In 
some species, they promote flowering; in others, flowering is prevented. Auxins 
can promote fruit formation in the absence of fertilization (parthenocarpy), a fact 
not lost on fruit growers. 
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Gibberillins promote internode elongation and regulate the production of seed ~ 
enzymes in cereals. They also stimulate flowering in long-day plants and 
biennials. 

Cytokinins promote cell division. They are produced in the roots and are 
transported upwards through the plant. This can be seen in some tree species 
where the breaking of bud and leafing out progresses from the bottom of the 
canopy upwards through the canopy. They enhance shoot growth and counteract 
the effects of auxins in apical dominance. Cytokinins also help tissues resist 

' aging. 

Ethylene is the only growth regulator which is a gas. It speeds the aging of 
tissues and enhances fruit ripening. 

Abscisic acid is involved in the dormancy of seeds and buds and promotes 
abscission of leaves. It promotes the development of a layer of cells (abscission 
layer) between the stem and leaf petioles in woody species, causing the leaves to 
separate from the stems. Abscission is the dropping of leaves, flowers, fruit, or 
other plant parts. 

Growth Regulators 

Synthetic compounds have been developed which mimic the activity of natural 
growth regulators. These compounds can be used by growers to promote fruit set, 
synchronous fruit ripening, or to promote fruit ripening after harvest. Some 
artificial hormones are potent herbicides (2,4-D). 

Environmental Growth Regulation 

Environmental factors such as light, temperature, and water regulate the growth of 
plants. Light varies in duration (photoperiod), quality (wave lengths present) and 
quantity (footcandles, lux). Photosynthesis utilizes red and blue light. Flowering 
is controlled by the length of the dark period (night) in many plants. Short day 
plants flower only when the dark period is long (poinsettia, chrysanthemum) 
while long day plants flower when nights are short (spinach, petunias, marigolds). 
This is a red/far red light phenomenon. Day neutral plants are independent of 
night length (some strawberry cultivars). Plants are adapted to certain intensities 
of light. Shade plants grow well in reduced light, yet are "burned" in full sun. 
Likewise some plants adapted to full sunlight become etiolated (long, thin 
stemmed) when grown in shade. 

Temperature regulates flowering and dormancy in many plants. Some species of 
fruit trees (apples, peaches) require a chilling period before they flower. Chilling 
is often required before bulbs will sprout (tulips, daffodils). 
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Water is important for the transport of food and minerals within the plant. Water 
is used in photosynthesis and is lost to the plant in transpiration. Water taken up 
by cells causes them to expand, pressing the cell membrane against the cell wall 
causing the cell to become turgid. A lack of water or reduction in water 
availability causes plants to wilt. Wilting results when there is a loss of turgor 
pressure in the cells. This occurs when more water leaves the cell than enters it. 

Metabolism 

The sum total of the physical and chemical activity that occurs inside a plant's 
cells is called its metabolism. Part of the metabolism of a plant is its ability to 
produce its own food through the process of photosynthesis. Photosynthesis is a 
two phase process that occurs inside the chloroplasts of the cell. The first phase is 
a series of enzymatic reactions called the light reactions because they require the 
presence of light. In the light reactions, energy from light is ab.sorbed by 
chlorophyll and a portion of it is converted to chemical energy. The light 
reactions also split water molecules (H20) into hydrogen and oxygen. The 
oxygen (02) is released by the plant as a by-product of the photosynthetic light 
reactions. The second phase of photosynthesis includes a series of enzymatic 
reactions in which the hydrogen released in the light reactions is combined with 
carbon dioxide (C02) to produce sugar. These reactions are called the dark 
reactions because they do not require any direct interactions with light. In the 
dark reactions, the energy captured in the light reactions is used to hold the sugar 
molecules together. 

This sugar in the form of sucrose is actively loaded into the phloem cells of the 
leaf (the source) and carried via the phloem cells to growing points or storage 
tissue (the sink) where it is unloaded and either converted to storage products like 
starch or used to extract its energy. These sugars can also be used to make 
proteins, fats, oil, DNA and other compounds. The photosynthetic process uses 
water absorbed from the soil, C02 absorbed from the air, solar energy and 
chlorophyll in the chloroplasts in order to produce sugars. If any one of these four 
ingredients is missing, the photosynthetic process stops. 

The importance of photosynthesis lies not only in its ability to produce sugar and 
release oxygen. It is vital as a primary chemical reaction that leads to every other 
chemical reaction, i.e. metabolic process, in the plant. 

Every living cell carries on the process of respiration. This includes each of the 
living plant cells. Respiration is an enzymatic sequence of chemical reactions 
which releases the chemical energy of sugars. This energy is then used to drive 
other metabolic processes. During respiration, the sugars are converted to carbon 
dioxide and water. Thus, there's a direct relationship between photosynthesis and 
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respiration. Photosynthesis takes solar energy and converts it to chemical energy 
in sugars using C02 and water. 

Respiration takes the energy out of the sugar, uses it to drive other metabolic 
processes and releases the COz and water (Figure 16). 
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Figure 16. The relationship between photosynthesis and respiration 

Water Movement 

The evaporation of water in the spaces within the spongy mesophyll of the leaves 
is called transpiration. Ninety percent of the water moving up the plant through 
xylem vessels is transpired. Ten percent of the water being transported to the leaf 
is used in photosynthesis. This water is released from the leaves through the 
stomates. As a result of transpiration, water is pulled up to the leaves from the 
roots, through the stems into the xylem of the leaves in a process called 
transpiration pull. As water molecules evaporate in the leaf, other water 
molecules in the xylem move up to take their place. The evaporation of water is a 
cooling process which helps to cool the leaves. The water moving to the leaves 
is also carrying minerals that were absorbed in the roots. Transpiration increases 
with increased wind or temperature and decreases with increased relative 
humidity of the air surrounding the leaf. When soil water is no longer available 
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the stomates close and transpiration halts. This can result in an added heat load in 
the leaves. 

Nutrition 

A number of different chemical elements are needed by plants. Some are easy to 
come by, others are not. Some are used in large amounts, others in small 
amounts. Macroelements are those needed in large amounts by plants and some 
are occasionally available in limited amounts. Carbon, hydrogen and oxygen are 
needed in large amounts since they are components of sugars, proteins fats, DNA 
and other organic compounds. Hydrogen is also involved in the regulation of pH 
within the cells. These elements are readily available in the form of water and 
carbon dioxide. Oxygen is readily available from the air. 

The rest of the macroelements are absorbed from the soil, some of which are more 
likely to be available in limited amounts. Proteins contain nitrogen and sulfur. 
Sulfur is also a component of enzymes. Phosphorus is needed in the production 
of high energy compounds involved in all chemical reactions and as a component 
of DNA and RNA. Potassium is important for ion balance in cells. Calcium is 
used in the cell wall. Iron is used in the synthesis of chlorophyll and in the 
functioning of some enzymes. Magnesium is a component of chlorophyll and 
also as a functional component of some enzymes. 

Microelements are needed in lesser amounts than macroelements and are less 
likely to be limiting in soils. All are absorbed from the soil. Boron is important 
in the metabolism of carbohydrates. Manganese is used in enzyme functioning, 
root growth, and chlorophyll synthesis. Molybdenum is involved in nitrogen 
metabolism. Zinc and copper are active in enzyme function. Silicon is found in 
cell walls. Sodium and chloride are used in photosynthesis and ion balance in 
cells. Cobalt is an essential part of vitamin B12. 

Flowers 

The function of a flower is sexual reproduction. It is often the showiest part of 
the plant. To reproduce, the flower of the plant must be pollinated and then form 
a new generation of plants through sexual fertilization. The combination of its 
attractiveness, color, and fragrance attracts a number of pollinators (insects, 
hummingbirds, bats). Numerous flowers structurally match the body forms of 
their pollinators. Many of the less showy plants are wind pollinated. Flowers are 
specialized stems and highly modified leaves. The typical dicot flower is 
illustrated in Figure 17. The receptacle is a modified stem which supports the rest 
of the flower parts. The outer ring of modified leaves are sepals. These surround 
and enclose the immature flower. The entire collection of sepals is the calyx. 
The petals are colorful modified leaves forming a ring inside the sepals. 
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Together, all of the petals comprise the corolla. The corolla often is the structure 
which attracts the pollinator. People may confuse other colored modified leaves 
such as bracts with petals (dogwood, poinsettia). Together, the calyx and corolla 
form the perianth. Within the perianth are found the male and female 
reproductive organs. The stamen, each composed of a filament and a pollen 
producing anther are the male reproductive organs. The pistil, composed of the 
stigma, style and ovary form the female reproductive organ. Within the ovary are 
ovules which will develop into the seed. 

.· p{stil 

Figure 17. Flower anatomy 

Pollination is the process of transferring pollen from an anther to a stigma. Upon 
pollination the pollen grain germinates and grows a pollen tube through the 
stigma, down the style, and into the ovary. In the ovary, fertilization occurs 
when an egg, inside an ovule combines with a sperm nucleus (inside the pollen 
tube). The fertilized egg develops into a seed, and the fruit develops from the 
mature ovary, or sometimes from an expanded receptacle. 

There are a number of different flower arrangements which tend to be species 
specific. Many species form complete flowers. These are flowers which contain 
pistil, stamen, sepals, and petals. Flowers missing one or more of these four 
components are referred to as incomplete flowers. Incomplete flowers which 
contain pistils but no stamen are called pistilate flowers. Those that contain 
stamen but no pistils are called staminate flowers. In species where pistilate and 
staminate flowers are produced on the same plant, the plants are said to be 
monoecious (e.g. cucumber). Those in which pistilate flowers are on one plant 
and staminate flowers are on another, the plants are said to be dioeceous (e.g. 
holly). 
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Fruit 

Fruit is the mature ovary and contains one or more seed. The fruit's function is to 
protect the seeds until they are ready for dispersal. When ripe, some fruit is dry 
and some is fleshy. Dehiscent, dry fruits open upon maturity and release their 
seed (legumes). lndehiscent, dry fruits remain closed at maturity (nuts). 

In fleshy fruits, the fruit wall (peri carp) has three layers. The outermost layer is 
the exocarp, the middle layer is the mesocarp, and the inner layer is the endocarp. 
Fruits may be simple or compound. Simple fruits are formed in flowers with a 
single ovary or several fused ovaries. The peach is a drupe formed from a single 
ovary (Figure 18). An apple is a pome formed from five fused ovaries. 

Compound fruits are either an aggregate or multiple fruits. If a flower has 
several separate female organs all of which stay together as a unit to form the 
fruit, the fruit is called an aggregate (black raspberry) (Figure 18). A strawberry 
is a unique type of aggregate. The fruit of strawberry is an indehiscent, dry fruit 
called an achene. The fleshy portion of the strawberry is formed from an enlarged 
receptacle not by the ovary. If the female organs of several flowers stay together 
to form a fruit, the fruit is called a multiple fruit (pineapple). 
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Figure 18. Examples of fruit 

Taxonomy 

Common names of plants differ from country to country as well as from region to 
region within the same country. Often the same common name is used for several 
species. Ironwood is one such name used for several species. Botanists have 
adopted the practice of identifying a plant by its Latin binomial. The 
International Code of Botanical Nomenclature (ICBN) provides the rules 
followed in the naming of plants. When identifying a plant it is more important to 
learn its Latin binomial than its common name because the Latin binomial is the 
same around the world. When asked about a red maple, one person might think 
of Acer rubrum, while another might think of the red-leafed Japanese maple (Acer 
japonicum) while another might think of a red-leafed variety of Acer palmatum. 
However, when people talk about red maple, Acer rubrum, they all know the 
species that they are referring to. 

CCE-MG garden botany rev.12-04 24 



The convention in botanical nomenclature is that the first word, the genus, is· a 
singular, Latinized noun and is always capitalized. It must be either underlined or 
italicized. The second word is called the specific epithet (Table 2). Specific 
epithets are often adjectives and are written in lower case. They too are either 
underlined or italicized. The initial or abbreviation of the author who named the 
plant is printed after the specific epithet (Phaseolus vulgaris L.). The letter L. in 
this case stands for Carolus Linnaeus who devised the binomial system of 
nomenclature. 

Table 2. Commonly used descriptive Latin terms 

Commemorative Names 
Frankliana Benjamin Franklin 
Torreya John Torrey 
Lewisia Meriwether Lewis 
nuttallii Thomas Nuttall 

Geoe:raohic Names 
anglicus Of England 
gallicus Of France 
japonica Of Japan 

Growth Form 
arborescens Tree-like 
repens Creeping 
scandens Climbing 

Habitat 
Arenarius Growing in sand 
Campestris Of the fields 
fluviatilis Of the rivers 

Moroholoe:ical Feature 
Penstomon 5 stamen 
Sanguinaria Red latex (blood) 
amabilis Lovely 
campanulatus Bell-shaped 
foetidus Foul-smelling 

Color Forms 
rub rum Red 
alba White 
lute a yellow 
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Because there are so many different types of plants , they have been arranged in a 
series of categories or logical classes, arranged to show their relationship to one 
another. This sequence has been set by the ICBN. These arranged categories 
constitute the taxonomic hierarchy. 

Plants within the same genus share similar characteristics up to a point. For 
example, the botanical name for the potato is Solanum tuberosum, and that of the 
eggplant is Solanum melongena. Both are in the same genus and share similar 
flower structure and several other characteristics. They are, however, 
significantly different and so are given different specific epithets. 

Table 3. The classification hierarchy for the common dandelion (according to 
Cronquist, 1981) 

Taxon Scientific N arne 
Kingdom Metaphyta 

Division Magnoliophyta 
Class Magnoliopsida 

Subclass Asteridae 
Order Asterales 

Family Asteraceae 
Subfamily Lactucoideae 

Tribe Lactuceae 
Genus Taraxacum 

Species officinale 

All plants are categorized into the classification system seen in Table 3. Within 
this system, each species is given a specific genus and species name which 
separates it from all other species. A species is defined as a group of organisms 
capable of interbreeding in the wild and producing viable offspring. 

It is often useful to recognize taxonomic categories below the species level, 
subspecies, varieties, or forms. In horticulture, many varieties are purposely bred 
and are called cultivated varieties or cultivars. 

A variety is a group of individuals that display a rather marked difference in 
nature; e.g. Comus florida var. rub rum is the red flowered flowering dogwood. A 
cultivar is a group of plants clearly distinguished by morphological, 
physiological, cytological, chemical or other characteristic, and which when 
reproduced sexually or asexually, retains its distinguishing features, e.g. Acer 
platanoides 'Crimson King'. This cultivar maintains its deep reddish purple leaf 
color. A form is a slight variation that occurs on a sporadic or random basis and 
generally does not come true-to-type from seed, e.g. Lindera benzoin f. rub rum, 
the red-flowered form of the yellow-flowered spicebush. 
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Review Questions: 
1. Name the functions of plant roots. 
2. What are two functions of plant stems? 
3. Name one above ground and one below ground type of stem variation. 
4. What are two functions of leaves? 
5. What is the name of the process in which leaves absorb sunlight to make 

plant food? What is the name of the process in which plants convert food 
into energy? Where do these two processes occur? 

6. What are two names used to describe the location of plant buds? 
7. When does photosynthesis occur during the course of a day? When does 

respiration occur during the course of a day? 
8. What's the difference between monoecious and dioecious plants? 
9. What does cultivar mean? 
10. What is a vascular bundle? 
11. Name the male and female reproductive organs of a flower. 
12. How is pollination different from sexual fertilization? 
13. What is the function of a seed? 
14. Describe the functions of plant auxins. 
15. Name at least three parts of plant shoots. 
16. What is the major difference between plant and animal cells? 
17. What are four ingredients that plants need to make their own food? 
18. From what source does a plant get carbon dioxide? Water? 
19. What are two functions oftranspiration in plants? 
20. Identify three environmental factors that affect transpiration in plants. 
21. What is the principal internal factor that affects plant growth and 

development? 
22. Describe what happens to seeds when water is applied. 
23. Giberellins promote , while abscisic acid promotes 

24. Where does respiration get its substance in the plant to create energy? 
25. Which hormone is a gas? What function does it have in growth regulation? 
26. What makes up plant families, subfamilies and tribes? 
27. What happens in xylem tissue? In phloem tissue? In meristematic tissue? 
28. Give an example of a non-vascular plant. 
29. What is a vacuole? 
30. How is an herbaceous plant structurally different from a woody plant? 
31. In respiration, what gas is expelled? Think about how that is different 

from how it is expelled in animals. Explain. 
32. What are entomology, agronomy and horticulture? 
33. What is the name of the organization that provides rules to name plants? 
34. Give a practical gardening example of why it is important to know how 

the plant is constructed and/or how it functions (e.g. grows or reproduces). 
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Related Resources 

Garden Botany 

Item Code 

Know Your Trees 147J85 

These titles are available for review and sale at The Resource Center's online bookstore: 

www.cce.cornell.edu/store 

You may also order titles or a catalog by: 
Phone:607-255-2080 
Fax: 607-255-9946 
E-Mail: resctr@cornell.edu 

Or write: 
The Resource Center 
Cornell University 
POBox 3884 
Ithaca, NY 14852-3884 

These titles are also usually available through your local Cooperative Extension association office. 



Cornell Website information on Garden Botany 

All Cornell website information on gardening is accessible through the Cornell 
Gardening Resources Website www. gardening.cornell.edu 

The following are specific sections of the Cornell Gardening Resources Website as of 
Dec.l5, 2004. New web pages are added regularly. Please check 
www.gardening.cornell.edu periodically for updates and new information. 

http:/ /instruct l.cit.cornell.edu/courses/biopl241/ 

http://rmc.library.cornell.edu/bailey/botany/ 

http://rmc.library.cornell.edu/bailey/botany/ 

http:/ I cerp.cornell.edu/directory/search results.asp ?or=b&c= 18&cl=3 

Cornell Visual Presentation Resources in Garden Botany 
Master Gardeners may borrow resources from the Department of Horticulture's Home Grounds 
and Community Horticulture Resource Library. MG's should discuss it with their county MG 
Coordinator and reserve a resource through that staff person. Resources in this library are slides, 
powerpoint CD-ROM' s and videos. They are generally used by Master Gardeners to make 
presentations to community groups as part of the county CCE' s educational mission. The a&. 
symbol means that it is appropriate for the Core Qualifying Course for Master Gardeners. The 
number preceding each resource is its library code number in Ithaca. 

BOTANY I PLANT IDENTIFICATION. 

2. Fundamentals of Plant Identification Slide Set (15 slides) Ohio State University 
(Note: extremely basic) 
102. The Structure and Function of Bark Slide Set (65 slides & script) G. Hudler & E. 
Seme, Cornell 
V-31. Plant Video, (35 min.) PBS 

V-32. r£ Garden Botany. Video, (90 min.) A companion to the Master Gardener 
Manual Chapter on Garden Botany. Cornell University 




