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FUNDAMENTALS OF PLANT BIOLOGY

Plants are fundamental to life on Earth. Plants support all aspects of human life — from our
food, to our clothes, raw materials we use, oxygen we breathe, the medicines we take and
much more. Essential services that plants provide are often taken for granted.

WHAT IS A PLANT?

Plants are any one of an immense number of species within the biological realm. Generally,
plants are organisms that are considered to have limited motility and for the most part
produce their own food. They

include a number of recognizable

species, including trees, shrubs,

grasses, vines, ferns, algae, sea

weed, and mosses. Plants are

multicellular with cell walls

containing cellulose. Plants are

organisms that are capable of

photosynthesis.

Taxonomy and terminology

Species have been traditionally
divided into two kingdoms: plants
and animals. In the age of DNA
analysis and other techniques,
fungi and bacteria have now been
moved to form their own
kingdoms. For example, research
has shown that fungi have cell
walls that use chitin instead of
cellulose, as seen in plants.
Lichen are unique as they are a
symbiotic association between a
photosynthetic organism, such as



algae or cyanobacterium and fungi, and so they are not considered plants.

The study of plants is often referred to as botany. As of 2017, scientists have identified
approximately 391 000 species, within 452 groups, of vascular plants (a plant that has
conducting tissue). Approximately 2000 new plants are identified annually (State of the
World’s Plants 2017). Of these identified plants, about 369,000 species (or 94 percent) are
flowering plants. Further, more than 80% of the food derived from plants comes from 17
plant groups or families.

Scientists group and classify plants based on similarities. Plants are characterized by their
morphology and DNA. Family is one such rank of classification that connects species that
share some set of what are considered to be the more important or significant features. For
example, vascular plants have lignified tissue and specialized structures termed xylem and
phloem, which transport water, minerals, and nutrients upward from the roots and return
sugars and other photosynthetic products. Vascular plants include ferns, club mosses,
flowering plants, conifers and other gymnosperms.

Green plants — green algae and land plants — form a group consisting of all the descendants
of a common ancestor. With a few exceptions, the green plants have the following common
features:

1. Primary chloroplasts (organelle in plant cell) containing chlorophylls a and b,
2. Cell walls containing cellulose

3. Food stores in the form of starch contained within the plastids (organelle)

4. Undergo closed mitosis (cell replication) without centrioles

5. Mitochondria (organelle) with flat cristae

6. Chloroplasts (organelle) of green plants are surrounded by two membranes

There are two main groups of plants — non-vascular and vascular. Non-vascular plants
include algae and bryophytes. Vascular plants are more numerous and include lycopods,
ferns and horsetails, and the most common, gymnosperms and angiosperms. We have
described and included a description of many of the plant groups below.



VASCULAR WHOLE-PLANT STRUCTURE

Vascular plants have three basic organs, roots, stems, and leaves.

Roots anchor the plant into the soil, absorb water and minerals, and store food. Roots have
root hairs.

Taproot/Fibrous: There are two different kinds of root systems. Fibrous roots have
many slender roots about the same size that spread out. Grass has fibrous roots.
Taproots grow straight down, some as far down as 4.5m. Carrots and radishes have
taproots.

Lateral/Secondary roots: these roots extend horizontally from the primary roots and
anchor the plant into the soil. This branching contributes to water intake and facilitates
the uptake of nutrients from the soil that the plant needs for growth.

The shoot system includes both stems and leaves:

Stems are the plant axis that contain the buds and shoots with leaves, and at their basal
end, the roots of the plant. The stems also conduct water, minerals, and food to other parts
of the plant. They also can store food and green stems can be locations where
photosynthesis takes place.

Terminal bud: a bud that terminates the end of a stem or a twig

Bud: A young shoot from which leaves or flowers may develop

Lateral/Axillary Bud: A bud arising from a leaf.

Vegetative shoot: consists of stems and leaves

Node: critical areas from which leaves, branches, and roots grow out of the stem

Internode: areas between the nodes

Leaves are the flattened green outgrowth from the stem. The leaf is the primary site of
photosynthesis, which produces food for plants. Leaves can be highly modified and adapted
to a plant’s surroundings. For example, the sharp spines of cacti, the needs of pines and
other conifers, and the scales of an asparagus stalk.



Blade: broad, flat part of the leaf. A majority of photosynthesis occurs in the blade. The
type of edge, pattern of veins, and number of blades per leaf can all be variable.

Petiole: this is the stem-like part of the leaf that joins the blade to the stem. Tiny tubes
in the petiole connect the veins to the blade. Some of the tubes also carry water into the
leaf, while others carry away food that the leaf has made. In some plants, the petioles
can bend so that the blades can receive the most sunlight. The flexibility of the petiole
also ensures the blade can twist in the wind and avoid damage.

The major parts of an angiosperm vascular plant. Only the parts of
the plant discussed above are required to be memorized.
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The reproductive systems are varied and are generally specific to a particular group of plants,
such as flowers and seeds for flowering plants, sori for ferns, and capsules for mosses (see
plant reproduction for more detail).

Internal structure of a vascular stem

Xylem: the xylem is one of two types of transport
tissue found in vascular plants. The function of
this transport tissue is to transport water and
nutrients from the roots to shoots and leaves.

Phloem: the phloem is the other type of transport

tissue found in vascular plants. The function of

this tissue is to transport organic compounds

made during photosynthesis, such as the sugar

sucrose, to the parts of the plant where they are needed. In trees the phloem is the
innermost layer of the bark.

Vascular Cambium: this is a layer of actively dividing cells, located between the xylem and
phloem. This layer of cells is responsible for the secondary growth (increasing thickness) of
stems and growth.

Stem: the stem is the plant axis that bears the buds and shoots with leaves and roots. The
stem conducts water, minerals, and food to other parts of the plant.

Vascular bundles: the vascular bundle is part of the transport system in vascular plants.
The vascular bundle is a strand of conducting vessels in the stem or leaves of the plant,
containing the phloem and xylem.

Epidermis: the outermost layer of cells covering the stem, root, leaf, flower, fruit, and seed
parts of a plant. At a particular part of the life cycle of woody plants, they stop growing in
length and begin to grow in girth (width). The plant does this by growing secondary tissue
around the circumference of the plant. The secondary tissue comes from the vascular
cambium. A second cambium called the cork cambium is the source of periderm, which is
a protective tissue that replaces the epidermis.



External structures of woody plants

Cork cambium: in woody plants comes arises near the surface of the plant. It produces cork
cells on the outside. The cork cambium, cork cells, and phelloderm form the periderm.

Periderm: protective tissue on the outside of the plant body. At maturity, the cork cells are
non-living and the inner walls are lined with suberin, a fatty substance that gasses and water
cannot penetrate.

Bark is another term used to refer to the combination of cork, cork cambium, periderm, and
secondary phloem.

Internal structure of a leaf

Epidermis: the outermost layer of cells covering the leaf. With the cuticle, the epidermis
provides a protective barrier against infection, water loss, and physical injury.

12



Stoma: microscopic openings on the surface of leaves and stems. Generally, there are more
stoma on the underside of leaves. They function to allow the exchange of gases between the
plant and the outside world.

Bundle sheath: a layer of cells in the leaves and stems of plants that form a sheath
surrounding vascular bundles (containing phloem and xylem)

Cuticle: protective fil covering the surface of the leaf. It is made from lipids (fats) and
polymers with wax.

Guard cells: these are cells that surround each stoma. They help regulate the transpiration
rate (rate of taking in moisture) and gas exchange by opening and closing the stoma.

Mesophyll: this is the inner tissue of a leaf.

Spongy mesophyll: this layer of cells in the interior of a leaves consists of loosely
arranged, irregularly shaped cells that have chloroplasts. This is the location of gas

exchange for photosynthesis and respiration.

Palisade mesophyll: one or more layers of cells located directly under the upper
epidermis. These cells are extremely important in photosynthesis.

13



TYPES OF PLANTS

Basic groupings of plants, starting from the most inclusive groupings (e.g., land

plants), to the most exclusive groups (e.g., seed plants)
© Royal Botanic Gardens 2017
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Non-vascular Plants
Green Algae

Chlorophyta: green algae, with members of this group all
having motile swimming cells. Most species in this group
can be found in aquatic environments, both freshwater and
marine, a few species have adapted to a range of terrestrial,
or land environments. For example, Chlamydomonas nivalis,
which causes watermelon snow, lives on summer alpine
snowfields.

Charophyta: freshwater green algae, often known as
stoneworts or brittleworts. They are mostly found in slow-
moving or standing water. These plants generally grow
anchored to the surface by rhizoids.

Bryophytes

Bryophytes are small, non-vascular plants, such as mosses,

liverworts, and hornworts. Over 12 000 species of moss are

known to exist. Bryophytes play an important role in
regulating ecosystems as they provide a buffer system for
other plants, and these plants also benefit from the water
and nutrients that bryophytes can collect.

Bryophyta: moss species; these are small flowerless plants
that are mostly found growing in dense green clumps or
mats, with wiry stems. Mosses often are found in damp or
shady locations. Mosses reproduce by spores and they are
considered to be non-vascular plants (lack of conducting
tissues).

Hornworts: these are a group of non-vascular plants (lack
of conducting tissues) that have a long horn like structure,
called the sporophyte. Hornworts are found in damp or
humid locations. They are characterized by each of their
cells only have one chloroplast. Like mosses, hornworts
reproduce using spores.

Watermelon Snow
© Royal Botanic Gardens 2017

Stoneworts
© Dave Carlson

Moss

Hornworts
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Liverworts: these are a group of small non-vascular plants
that most often grow in a form much like a flattened moss.
They have single-celled rhizoids. They are most often found
in humid locations, however, there are a few desert and
Arctic species.

Vascular Plants

Seed-free vascular plants

Umbrella liverwort

They produce free spores, the principal dispersal units, via meiosis. Spore: a reproductive

cell, capable of developing into an adult without fusion with
another cell. Spores develop within a sporangium.

Lycopods: These species differ from all other vascular
plants in having microphylls, leaves that have only a single
vein (vascular trace) rather than the much more complex
vein system found in ferns and seed plants. Plants from this
group were used as flash early in photography and
experimental photocopying machines as they have oil
compounds in the cell walls that light on fire quickly and
produce a flash of light. Today, many species of this group
can be over-collected for Christmas wreaths. Lycopods
include clubmosses, scale trees, and spike mosses.

Ferns and Horsetails: vascular plants lacking flowers and
seeds, reproducing by spores. Horsetails are primarily
colonizers of unforested areas, lake margins, and wetland.
Leaves of horsetails are found in whorls and united to form
a sheath around the stem. Ferns have leaves that are
considered ‘megaphylls’, or leaf with several or many large
veins branching apart or running parallel and connected by
a network of smaller veins. Ferns fold their leaves into a
bud, forming a fiddlehead, for protection.

Gymnosperms

Lycopod

Fern (fiddlehead)

Gymnosperms are a group of seed producing plants that includes conifers, cycads, Ginkgo,

and gnetophytes. Gymnosperm seeds develop on the surface of scales or leaves, which are

often modified to form cones.
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Pinophyta: more commonly known as conifers, this group
of plants have a vascular system and cones (containing
seeds), but no flowers. Most conifers are trees, although a
few are shrubs. Examples include cedars, Douglas firs,
cypresses, firs, junipers, kauri, larches, pines, hemlocks,
redwoods, spruces, and yews. It has been estimated that
there are over 820 species in this group.

Cycads: plants with seeds, stout and woody trunks, and a

crown of large, hard, evergreen leaves. Cycads are White Pine
dioecious, as the individual plants are either all male or all

female. Cycads vary in size from a few centimeters to

several meters tall. They are very slow grow and live for a

very long time, with some known to be over 1000 years old.

Cycads have specialized pollinators, usually a species of

beetle, that they need to reproduce.

Ginkgo: gymnosperm plants with only one remaining tree
species, Ginkgo biloba. Ginkgo are dioecious, in that plants

are either male or female. They are native to China and the Cycad
tree is widely cultivated. It was cultivated early in human
history and it has various uses in traditional medicine and
as a source of food.
Ginkgo

Angiosperms

Angiosperms are also known as the flowering plants. There

are over 300 000 known species of flowering plants and remain the dominant group of land
plants. Flowers within this group have remarkable variation in form and elaboration. Most
of the fruits and vegetables humans consume come from this group. Over 80% of the food
on earth comes from 17 plant families found within this group. The cotton and linen in our
clothing is also from angiosperms. Four features define angiosperms: (1) possession of
flowers (with stamens and ovaries (which become fruit!), (2) double fertilization (two
nuclei in plant sperm), (3) less reproductive stages, and (4) specialized tissues for
transporting water, known as the vessel elements.

17



Monocots: large group of plants that includes familiar plants such as grasses, lilies, irises,
orchids, cattails, and palms. This large group of plants is characterized by trimerous flowers
and usually parallel-veined leaves.

Eudicots: extremely large group of plants (over 175 000 species), including most familiar
trees and shrubs (e.g., oaks and apple trees), as well as many herbs (e.g., sunflowers,
petunia, and buttercups). They are characterized by 4- or 5-merous flowers, and usually
branching-veined leaves.

© The McGraw-Hill Companies, Inc.

Magnoliids: smaller group of plants (about 9,000 species),
including magnolias, nutmeg, bay laurel, cinnamon,
avocado, and black pepper. They are characterized by
trimerous flowers, pollen with one pore, and usually
branching-veined leaves.

Magnoliids

18



Functional Plant Groups

We often use general names to define groups of plants with some similarities in function or

appearance.

Graminoid: graminoid refers to an herbaceous plant with a
grass-like morphology, i.e. elongated culms with long,
blade-like leaves. They are contrasted to forbs, herbaceous
plants without grass-like features.

Grasses: Most grasses have round stems that are hollow
between the joints, bladelike leaves, and extensively
branching fibrous root systems. Grasses are any of many
low, green, nonwoody plants belonging to the grass family
(Poaceae), the sedge family (Cyperaceae), and the rush
family (Juncaceae). There are many grass-like members of
other flowering plant families.

Forbes: A forb is an herbaceous flowering plant that is not
a graminoid (grasses, sedges and rushes).

Herbs/Herbaceous: are plants that have no persistent
woody stem above ground.

Trees: a woody plant with an elongated stem, or trunk,
supporting branches, and leaves in some species. Trees can
include both angiosperm and gymnosperm species.

Epiphytes: organisms that grown on the surface of plants
and obtain moisture and nutrients from the air, rain, water,
or debris around it. Epiphytes use the plants they grow on
as support but do not necessarily negatively affect the plant.
Mosses, algae, liverworts, orchids, and bromeliads are
examples of plant epiphytes.

Annual plant: these are plants that completely die off at
the end of a growing season or when they have flowered or
fruited. The need to grow again from the seeds they have
produced.

Graminoid and grasses

Sunflower: Forbes

Trees
© Ed Yourdon

Fox Brush Orchid: Epiphytes
© Dinesh Valke
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Perennial: these are plants that have stems that die at the
end of the season, but parts of the plant survive from
season to season. The surviving part of the plant can
include roots, a caudex (thickened portion of the stem at
ground level), bulbs, and tubers.

Japanese peony: Perennial

PHOTOSYNTHESIS

Photosynthesis is the process by which green plants and certain organisms use solar energy
to convert water and carbon dioxide into a simple sugar, glucose. As such, photosynthesis
provides the basic energy source for nearly all organisms. Further, the process of
photosynthesis creates oxygen as a by-product, an essential element that most organisms
depend on.

Photosynthesis

6 C02 +6 Hzo > C6H]206 +6 C)2
carbon  water glucose  oxygen
dioxide

Photosynthesis occurs in green plants, algae, and some species of bacteria. These plants
produce millions of new glucose molecules every second. Plants will use this glucose, which
is a carbohydrate, to build their leaves, seeds, flowers, and fruit. They are also able to take
this glucose and convert it to cellulose. Cellulose is used as a structural material in cell
walls. When plants produce more glucose than they can use they can store it in the form of
starch and other carbohydrates in their roots, stems, and leaves. If conditions change, plants
can use this excess glucose for extra energy or building materials.

Photosynthesis is a key process in the functioning of all ecosystems. Humans and other
animals depend on glucose as an energy source but are unable to make it. This creates a
reliance on plants as our primary source of energy. Further, the oxygen produced as a by-
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product of photosynthesis is critical for all humans and other animals. Finally, humans also
depend on the ancient products of photosynthesis, known as fossil fuels. The complex mix
of hydrocarbons that make up fossil fuels are the remains of organisms that relied on
photosynthesis millions of years ago. Thus, all life on earth depends on photosynthesis,
either directly or indirectly, making it the most important biochemical process.

Photosynthesis relies on the photosynthetic pigment chlorophyll to complete this process.
During the light reactions of photosynthesis, as detailed below, solar energy or light energy
excites electrons in chlorophyll and boosts them to a higher energy level. This energy is used
to drive the production of glucose. The chlorophyll also gives leaves and plants their distinct
green colour. In the autumn, as days get shorter, leaves of certain plants (e.g., deciduous
trees) begin to die and the chlorophyll degrades and disappears from the leaves. The lack of
chlorophyll allows the other photosynthetic pigments found in the leaf to be seen, which
gives us the characteristic autumn colours.

Location of plant photosynthesis

Photosynthesis occurs in the green stems and leaves of plants. Each plant has millions of
cells with specialized cell structures known as chloroplasts. Each cell in a plant leaf contains
40-50 chloroplasts. The chloroplast is an oval-shaped structure that is divided into
compartments by membranes. Each disc shaped compartment, known as a thylakoid, is
arranged vertically within the chloroplast like a stack of plates. Each stack of thylakoid’s is
known as a granum, and they are suspended in a fluid known as stroma.

Chlorophyll, a light-trapping pigment, is found in the membranes (a pliable sheet like
structure acting as a boundary, lining, or partition) of thylakoids. All the other pigments,
enzymes (organic substances that speed up chemical reactions), and other molecules
needed for photosynthesis are also located in these membranes.
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Structure of a plant cell. Notice the cell wall and chloroplast. Only the
parts of the plant cell discussed in the text are required to be memorized.

Process of Photosynthesis
Photosynthesis is a complex process. Plant biologists divide it into two stages:

Stage 1 — Light Dependent Reaction

Chloroplast trap light energy and convert it into chemical energy (NADPH and ATP).
Photosynthesis begins when light strikes pigments and excites their electrons. The energy
becomes absorbed (by P700 and P680) and pass through a chain of carrier molecules
(electron transport chain). Some of the energy then combines with a hydrogen ion and
NADP+ to form NADPH. Some of the energy gets used to produce ATP. Finally, some of the
energy is used to split water into oxygen, hydrogen ions, and electrons. Oxygen from the
water get released through the leaf.

Stage 2 - Light Independent Reaction

This stage is also known as the Calvin cycle. Chemical energy (NADPH and ATP) provide
the energy for the reactions used to synthesize glucose. These reactions occur in the stroma.
The Calvin cycle is dependent on the presence of carbon dioxide molecules, that enter the
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plant through pores in the leaves. The light-independent reaction begins when carbon
dioxide molecules link to sugar molecules known as RuBP. With an enzyme, through several
intermediate steps, glucose is produced.

Variation in Photosynthesis

Environmental conditions can impact how plants carry out photosynthesis. Plants such as
corn and crabgrass have evolved to live in hot, dry environments and must overcome certain
obstacles to photosynthesis. These plants partially close the pores of their leaves on hot days
to reduce the amount of water escaping. When the plants partially close their pores, this
reduces the amount of carbon dioxide that can enter the leaf and pauses photosynthesis. To
solve this problem, some hot-weather plants stockpile carbon dioxide in the stroma and
slowly release the chemical to be able to continue to photosynthesize. This adaptation can
allow plants to continue to photosynthesize on very hot days even when their pores are
completely closed.

DIVERSITY, FORM, AND FUNCTION

Leaves

Edges: the type of edges on leaves can be varied. Almost all narrow, grass like leaves and
needles leaves have a blade with a smooth edge, as do many broadleaf plants, particularly
those that are native to warm climates. The rubber plant is a good example of such a plant.

Temperate broadleaf plants often have small, jagged points called teeth along their blade
edge (or serrations). Birch and elm trees are great examples of this type of leaf.
Hydathodes, or tiny valve like structures, can be found on some leaves to release extra
water. In the leaves of other plants,

like cottonwood and pin cherry trees,

there are special glands that produce

liquids that protect the young leaf

from being eaten by plant-eating

insects.

Other trees, like the mulberry and oak
trees, have lobed leaves. The leaves
appear as if large bites have been taken

out. This shape allows heat to leave
the leaf.

23



Veins: Differences in veins can be found
throughout vascular plants. Veins carry food
and water, as well as support the blade. In
many broad leaves, the veins can form a
pattern like a net, with several large veins
connected to small veins. The smallest veins
will supply water to every part of the blade.

They will also collect all of the glucose made
by the leaf.

We often group the types of net veins into
two groups, pinnate (feather like) and
palmate (hand like). Leaves that are pinnate
have one large central vein, midrib, which

extends from the tip of the blade to the base.
Other veins branch off of each side of the midrib. Beech, birch, and elm trees all have this

vein pattern. Palmate leaves have several veins that are equal in size that all extend from the

base of the blade. Maple, sweet gum, and sycamore trees all have palmate leaves.

Needle leaves and narrow leaves do not have net veins. Narrow leaves have parallel vein

patterns. Several large veins run alongside each other from the tip to the base of the blade.

The large veins are connected by small cross veins. Needle leaves are much smaller, so they

only have one or two veins running through the centre of their blades.

Blades: The number of blades per leaf and their arrangement vary between plants and can

be used to classify and identify plants. A simple leaf is a leaf with only one blade. Grasses,

apple and oak trees, and many other
plants have simple leaves. A
compound leaf has more than one

blade. Each of the blades of this
compound leaf are called leaflets.

Leaflets in a compound leaf can be
arranged in a pinnate or palmate
pattern. Pinnately compound leaves
have leaflets growing in two rows, one
on each side of the rachis, or central
stalk. Garden peas, ash and walnut
trees all have pinnate leaves. Leaves
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that are palmate have leaflets that all grow from the tip of the leafstalk. Plants like clover,
horse chestnut, and others have palmate compound leaves.

Double compound leaves can be found on a few plants, like carrots and Kentucky coffee
trees. Each leaflet is divided into a number of still smaller leaflets on a double compound
leaf. These leaves look more like a group of leaves and twigs than a single leaf.

Leaf Arrangements: Leaves can be arranged
differently around the stem. In the opposite
arrangement, there will be two leaves at a

point of attachment (node) on opposite sides of
the stem.

In the alternate arrangement, there will be
one leave per point of attachment with the
second leaf being above the first but attached
to the opposite side of the stem.

Finally, in the whorled arrangement there are three or
more leaves attached at one node.

Stems

© The McGraw-Hill Companies, Inc.



Modified stems can be found on some plants and serve a variety of functions. For example,
strawberries have modified stems called stolons that grown on the surface of the ground.
They allow strawberries to spread and occupy a large area of nutrient-rich soil. Tubers, the
modified stems of potatoes and other plants, are adapted for food storage. Some plants have
bulbs that are modified stems for storage. Rhizomes are modified stems that grow laterally
underground, and they are often mistaken for roots. The rhizome is used to store starches,
proteins, and other nutrients. Finally, corms are short, vertical, swollen underground plant
stems that also serve as storage organs for plants to survive harsh conditions. Corms are
easily confused with bulbs. Corms are stems that have solid tissues, whereas bulbs are made
from modified leaves.

Roots

Some plants have adapted to their environment by modifying their roots. Adventitious
roots grow from the stem above the ground. They include the prop roots of corn and other
plants. Prop roots grow down into the soil and help the plant hold itself brace against the
wind. Aerial roots of orchids and other plants cling to branches and absorb water and
minerals from the surface of the tree and from the air. The roots of mistletoe are known as
sinkers and penetrate the limbs of a tree. Sinker roots absorb food, water, and minerals
from the tree.

Wood

Wood is a fibrous and porous structural tissue that can be found in the roots and stems of
trees and other woody plants. Wood is an organic material and is composed of cellulose
fibers that are embedded in a matrix of lignin. Within trees, wood functions as a support,
allowing the plant to grow large and stand by themselves. Wood also conveys water and
nutrients between the roots, leaves, and other growing tissues.
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Hard and soft wood: Wood is often classified as soft or hard. Generally, wood from
deciduous trees (e.g., oak) is considered hard, while wood from coniferous trees (e.g.,
pine) is considered soft. Hardwoods tend to be slower growing and therefore are usually
denser. However, hardwood is not necessarily a harder material and vice versa.

Nutrition

Plants have a variety of essential nutrients necessary for growth and metabolism. Carbon,
oxygen, and hydrogen are obtained from the air, whereas other nutrients, including
nitrogen, are normally obtained from the soil. There are seventeen nutrients that are the
most crucial for plants.

Macronutrients: nitrogen (N), phosphorus (P), potassium (K), calcium (Ca), sulfur
(S), magnesium (Mg), carbon (C), oxygen (O), and hydrogen (H).

Micronutrients: iron (Fe), boron (B), chlorine (Cl), manganese (Mn), zinc (Zn),
copper (Cu), molybdenum (Mo), and nickel (Ni).

Many of these nutrients stay in the soil as salts, so plants uptake these elements as ions.
Hydrogen, oxygen, nitrogen, and carbon contribute to over 95% of the biomass of plants.
Micronutrients only make up 0.02% of the plant. As plants so strongly depend on the
availability of nutrients in the soil, the composition of the soil will dictate the type of plants
that can thrive within a region. In agriculture and horticulture (practice of garden cultivation
and management), the addition of extra nutrients through fertilizers, can assist in the

growth and yield of plants.

PLANT GROWTH, DEVELOPMENT, AND REPRODUCTION

Plant growth is directed by environmental and ecological factors. Environmental factors
include temperature, precipitation, wind speed and direction, sunlight, soil nutrients, soil
moisture, soil granularity and compaction, as well as the topography of the growth area.
Other ecological factors, including water competition, nutrient competition, and light
availability also impact plant growth. Herbivory and trampling from animals within the
ecosystem also play a role in how quickly plants grow and develop.
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Root Growth

Roots grow from their apex, or tip. The area of growth is known as the apical meristem.
The meristem is a part of a plant where cells are dividing rapidly, continually forming new
cells. The root cap covers the apical meristem and protects the root tip from damage as it

moves through the soil.

Apical meristem cells are identical and small. In the zone of elongation the cells quickly
grow longer. Further back in the zone of maturation, cells differentiate, which means they
take on a different structure and appearance based on their future function in the mature

root.

Seed-free plants

Seed-free plants reproduce through the production of free spores, the principal dispersal
units, via meiosis. A spore is the reproductive cell that is capable of developing into an adult
without fusing with another cell. Spores develop in the sporangium. These spores
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germinate and develop into gametophytes that can live separate from their parent plant. Like
all plants, seed-free plants produce male and female gametophytes. The sperm and egg form
a zygote through fertilization. The sporophyte then develops from the zygote into an adult
plant.

© Pearson Education, Inc.

Vegetative reproduction

Vegetative reproduction is
a form of asexual
reproduction where a new
plant grows from a
fragment of a parent plant
or grows from a specialized
reproductive structure.
Although numerous plants
reproduce by vegetative
reproduction, it is rare that
this is the only method by
which they reproduce.
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Flowers

Floral structure and the parts of a flower are very important in how we group species of

plants together. Flowers are highly specialized shoots that are made from stems and leaves

Parts of a Flower

1. Peducle (flower stem) - this is the stalk supporting the flower

2. Receptacle — modified floral stem that the modified leaves (petals) or floral

appendages arise from

3. Sepal — the outermost ring of leaves (usually green) that protect the inner

floral parts of the flower while the flower is a bud

4. Petal - the second ring of leaves (usually coloured to attract pollinators) that

surround the internal portions of the flower

5. Stamen - the male structure of the flower, made up of the anther and the

filament.
a. Filament - slender stalk of the stamen supporting the anther
b. Anther - portion of the stamen that contains the pollen grains (sperm)
c. Pistil — the female structure of the flower, sometimes also referred to as
the carpal, comprised of the ovary, ovule, stigma, and style
d. Ovary - base portion of the pistil that contains ovules (with eggs). When

the flower matures this becomes the fruit with seeds.
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e. Ovule - fertile portions of the pistil that contains female gametophytes

(eggs in embryo sac) that develop into seeds after fertilization.

f. Stigma - receptive portion of style that receives and recognizes pollen

(male gametophyte)

g. Style — slender stalk of pistil above the ovary that pollen tubes must pass

to reach the eggs

Flowers usually have some level of symmetry. Flowers that are radially symmetrical are

known as actinomorphic (ray-form). Flowers that are bilaterally symmetrical are known as

zygomorphic (one plane of symmetry).

Actinomorphic flower

Seed Germination

Zygomorphic flower

Seeds are living entities. They have embryonic tissue inside that is needed in order to

germinate. Most seeds also have a store
of food reserves with the embryo that
are all wrapped in a seed coat. Seeds
will germinate, or ‘wake up’, when the
soil moisture and temperature
conditions are correct for them to grow.
Each plant species’ seeds have
individual needs.

Seed dormancy: some seeds may not
germinate as they have developed a
dormancy or sleep period. These seeds
will not germinate even if conditions,
soil moisture and temperature are ideal.
Staggering germinating benefits seeds to

Development of a eudicot seedling
© W.H. Freeman and Company
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make sure some seedlings develop later and may avoid bad weather or herbivores that may
have eaten them if they had germinated sooner.

Steps of Seed Germination

1. Imbibtion — seeds rapidly take up
water causing the seed coat to
swell and soften.

2. Interim or lag phase — the seed
activates internal physiology, cells
begin respiration, and the seed
starts to make proteins and
metabolizes the food stores found
underneath its seed coat.

3. Radicle and root emergence — As
cells develop, elongate, and
divide, the epicotyl and radicle
(primary root) emerge from the
seed.

Early Seedling Development

The radicle (primary root) emerges from the seed and anchors the plant to the ground. This
allows it to start absorbing water. As the root absorbs water the shoot emerges from the
seed.

In eudicots (two-seed leaves — see plant classification) have three main parts: cotyledons
(seed leaves), hypocotyl (shoot under leaves), and epicotyl (shot above the leaves).
Generally, the shoot either emerges from the soil in a hook shape with the cotyledons and
shoot tip being pulled into the air, or only the section above the cotyledons expands so the
cotyledons (seed leaves) decompose underground.

In monocots (one-seed leaves — see plant classification), the primary root is protected by a
sheath (coleorhiza), that pushes out of the seed first. The seedling leaves also emerge
covered in a protective sheath.
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After the shoot emerges, the seedling grows slowly while using up the energy stored in the
seed. The seedling soon develops a branched root system or taproot. True leaves, like the
leaves of the mature plant, appear allowing the plant to photosynthesize.

INTRODUCTORY ECOLOGY

Plants are the most important source of primary production in all ecosystems on Earth.
They produce the bulk of biomass from carbon dioxide, basic nutrients, and light. The
foundation of this primary productivity is photosynthesis. This process has fundamentally
altered the atmosphere of Earth, resulting in air that is 21% oxygen, which is essential to
other living organisms. Plants also provide a food source for animals, as well as shelter and
nesting locations for many animals.

Ecology is the study of organisms and their environment — and the interrelationships
between the two. The ecoregion is a community of animals and plants that have common
characteristics for the environment they live in. Ecosystems are the complex of living
organisms, their physical environment, and their interrelationships in a particular area. A
community is the populations of all the species, e.g., moose, wolves, rabbits, owls, beavers,
trees, grasses, shrubs, etc., that live in the same area at the same time. Populations are the
group of organisms from the same species that can interbreed and live in the same place at
the same time, like the elk or grass in the figure below. Finally, an individual is an
organism, like the elk or a tree in the figure below.

Adaptation and Acclimation

Adaptation is any behavioural, morphological, or
physiological trait that is a result of
natural selection. This

inherited characteristic

should enhance an

organism’s ability to

survive and reproduce

in their environment.

Some individuals, who

often possess these

adaptations, will leave

more offspring than
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others. These individuals are considered to be more ‘fit’ than others because they contribute
the most to the entire population’s gene pool. Differences in the reproductive success of
individual organisms come about through the process of natural selection. Under a specific
set of environmental conditions, the individuals that survive the best or have adaptations to
best survive those conditions are selected for. Any individuals that either do not have
adaptations to survive and reproduce in these conditions or survive worse than others will
be selected against.

Acclimation is the short-term response of an individual to different or changing natural
environments. For many species, this acclimation occurs each season. For example, many
plants, such as maple trees, irises, and tomatoes could survive freezing temperatures if the
temperature gradually decreases over days to weeks. However, if the same drop would occur
over a short period (e.g., one day) the difference in temperature could kill the plants. The
short period did not provide enough time for the plant to acclimate to the colder
temperatures. Acclimation is also reversible. If a plant gets used to colder temperatures in
the fall, it can also become acclimated to the warmer conditions in the spring.

ECOSYSTEM CONSTITUENTS AND TROPHIC ECOLOGY

Generally, we consider there to be four constituents to an ecosystem. There are abiotic
components, producers, consumers, and decomposers and nutrient cycling.

The abiotic components of an ecosystem are the essential nonliving elements. They can
include the air, the water, temperature, and rocks and minerals that make up the soil.
Components can also include how much rain or snow falls, if there is fresh or salt water,
how much sun an area gets, and its temperature range. All the other biotic elements of the
ecosystem interact and depend on these abiotic components.

Producers and Consumers

Trophic ecology is the study of how energy moves through an ecosystem. All organisms
must obtain energy for their growth, survival, and reproduction. The methods of obtaining
these resources and the impacts of resulting interactions are all studied within trophic
ecology.
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Autotrophs — organisms that use inorganic sources of carbon and energy from solar radiation.
Examples include plants, algae, and certain bacteria. They are also known as PRIMARY
producers.

Heterotrophs — organisms that use organic sources of carbon by consuming other organisms
or their by-products. Examples include animals, bacteria, and fungi. They are often referred
to as SECONDARY producers.

Consumers - these are heterotrophs that consume other organisms
Decomposers — these are heterotrophs that consume dead organic matter or waste
products

Herbivores — organisms that primarily consume plant materials. They include grazers (feed on
leafy material like grasses), browsers (feed on woody material), granivores (feed on seeds),
and frugivores (feed on fruit).

Carnivores — organisms that are ‘flesh-eaters’. They consume herbivores or other carnivores.
Individuals that feed directly on herbivores are considered first-level carnivores (second level
consumers). Individuals that consume both herbivores and first-level carnivores can be
considered second-level carnivores (third level consumers).

The trophic level is a stem in the transfer of energy, or food, within a food web or chain.
There may be several trophic levels
within a system, including primary
producers, primary consumers,
and secondary consumers. Further
carnivores may form fourth and
fifth levels. Primary producers are
the most abundant food source
and biomass (mass of organic
material) available. Primary
consumers, who consume primary
producers, are the second most
abundant group of organisms.
Tertiary and quaternary consumers
represent the smallest groups of
organisms. The amount of energy
in each a trophic level is reduced
with every step up.
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Decomposers

Decomposers are living organisms that break down dead
organisms and waste materials. Earthworms, dung beetles,
nematodes, and many species of fungi and bacteria are all
decomposers. These species form a crucial function within
an ecosystem, as they recycle nutrients, returning them
into the soil where plants can take them up again.

Nutrient Cycling Fungi (decomposer) growing

on a tree
Plants play an important role in water and nutrient cycling

within an ecosystem. Some plants have coevolved with
nitrogen- fixing bacteria, making plants an important part
of the nitrogen cycle.

Nutrients move through ecosystems in biogeochemical
cycles. These cycles include chemical exchanges of
elements, such as carbon, nitrogen, and phosphorus,
through the atmosphere, rocks, water, and living species,
including plants and animals. As seen in the figure below,
plants can play a critical role in the movement of nutrients
within an ecosystem. The primary productivity of an
ecosystem depends on plants taking up essential mineral
nutrients (e.g., nitrogen, carbon, phosphorus), and
incorporating these nutrients into their tissues, such as
leaves and stems. A schematic drawing of nutrient

cycling through a tree.
The nutrient cycling in all ecosystems involve three major Modified from Smith and Smith 2001

components of inputs, internal cycling, and outputs.

The carbon cycle is a very important biochemical cycle as all organic compounds contain
carbon and carbon is an essential for photosynthesis. The carbon cycle includes inputs of
carbon dioxide from the atmosphere and dissolved in water. The carbon is internally cycled
through animals and plants through photosynthesis (plants) and consumption (animals).
Some carbon is also released (output) by plants and animals through respiration (e.g.,
humans breathing). Decomposing organisms, as well as factor emissions are considered
outputs, releasing carbon dioxide back into the atmosphere and water.
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Nitrogen cycles include an input of atmospheric nitrogen that gets taken up by nitrogen-
fixing bacteria. These bacteria can often be found living on root nodules of some plants or
within the soil. The bacteria convert the nitrogen to a form that can be assimilated by plants
and internally cycled between plants and animals. Animals, and decomposers, including
bacteria and fungi, release ammonium that can be converted to nitrates (by bacteria) and
this output is eventually released back into the atmosphere.
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PLANT ASSOCIATIONS

Plant roots play an essential role in soil development and prevention of soil erosion.

Mycorrhizae

At least 80% of vascular plants form mutually beneficial

associations, known as mycorrhizae, between their roots

and fungi. These play a key role in nutrient cycling and

plant nutrition. Mycorrhizal fungi benefit their host

plants by increasing its ability to capture water and

essential elements, especially phosphorus. This type of

fungi can also increase the absorption of zinc, manganese,

and copper, three other essential nutrients. Mycorrhizae

can also help protect the plant from pathogenic fungi and nematodes (small animals). In
return for this assistance to the plant, the mycorrhizae receive carbohydrates and vitamins
from the plant, essential to their growth.

Endomycorrhizae — mycorrhizae that penetrates the root cells. The most common of the
mycorrhizae and is found in 80% of all vascular plants. The hyphae of the fungi move into
the root cells.

Ectomycorrhizae — mycorrhizae that surrounds the root cells. These types of mycorrhizae
are mostly found in certain groups of trees and shrubs in temperate regions, such as oaks,
willow, poplar, birch, and pine. These associations help the trees be more resistant to the
harsh, cold, and dry conditions that could limit their growth.
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Soils

Soils consist of layers called horizons. As
you examine a vertical section of soil, one
can see variations in colour that is related
to the amount of living and dead organic
material, to porosity (porosity), the
structure, and the extent of weathering.
These differences result in a succession of
areas, known as horizons. Generally, these
horizons are labeled from A-C, with horizon
A representing the topsoil, B representing
the subsoil, and C representing the soil
base which sits atop the bedrock. The pore
space within the soil contains air and water,
which are crucial for plant growth and
development.

The top region, the A horizon, is often also

known as the surface or top soil. In this uppermost region, the greatest physical, chemical,
and biological activity is occurring. It is the layer where humus (dark coloured mixture of
organic decaying products) accumulates. This layer is full of roots, insects, other
arthropods, nematodes, earthworms, protists, nematodes, and other decomposing
organisms.

The middle region, the B horizon, is also known as the subsoil. It is known as the region of
deposition, containing substances such as iron oxide, clay particles, and small amounts of
organic materials from the horizon above. This horizon can contain roots but contains much
less organic material than the horizon above.

The final horizon, the C horizon, contains broken down and weathered rocks and minerals
which help form the true soil in the horizons above.

Pollinators

Pollination is one of the essential processes of plant life. Pollen, which is from the stamen
(male portion of the flower), is transported to the pistol (female portion of the flower). This
allows a plant to produce seeds that become the next generation. The movement of this
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pollen often requires and outside influence, such as wind or animals. Pollinators are
animals that help move the pollen.

Bees, butterflies, and moths are often what we think of when we think of pollinators.
However, flies, beetles, wasps, ants, hummingbirds, and in some area’s bats, are also all very
important pollinators.

The pollen produced by flowering plants can also serve as a source of protein for many
species of insects. Many of these plants also produce nectar, which is a sugar-based high
energy food. Both nectar and pollen are attractive to pollinators. Many move from flower to
flower, feeding and collecting pollen and nectar. This movement unintentionally transfers
pollen from one flower to another and is known as cross-pollination. Genetic diversity and
resilience are ensured by this cross-pollination.

Many flowering plants and plants have co-evolved (evolved together) to ensure the correct
pollinator feeds from the correct plant. As seen in the figure, a flower wants the pollinator
to spread its pollen to other flowers of the same species. As the flower evolves to be deeper,
the fly responds and evolves a longer proboscis (mouth part) to match this change and
access the pollen and nectar.
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Seed Dispersal

Plants that have heavy seeds that cannot be distributed by the wind
will often use animals to carry their seeds away from the parent plant.
This allows the seeds to be distributed in areas that may be better for
their development and growth, as well as spread a plant throughout a
habitat. Some animals that do this distribution also consume the
seeds for their own nutrition. Plants that rely on this type of seed
distribution need to produce an enormous number of seeds within
their lifetimes as few of the seeds will survive, be deposited at a
suitable site, and germinate.

The relationship between the Clark’s nutcracker and the whitebark
pine is one such animal plant relationship. Whiebark pine produce
large wingless seeds that can be dispersed by animals. The seeds are
eaten and hoarded by several animals, including chipmunks, Steller’s
jays, and Clark nutcrackers. However, only the Clark nutcrackers can
appropriately disperse the seeds systematically and successfully away
from the parent tree. The nutcracker carries the seed in cheek
pouches and caches (stores) the seeds deep enough in the soil of the
forests and fields to avoid them being eaten by other animals. An
individual nutcracker can store around 98 800 seeds per year! The
nutcrackers only eat a number of these seeds, which allow those
forgotten or ignored to germinate in the soil and produce new trees.
Whitebark pines are so dependent on Clark’s nutcrackers to
distribute their seeds that these two species, plant and animal, are
almost always found within the same region.

Some plants enclose their seeds in a nutritious fruit that is attractive to fruit-eating animals.
Fruit-eating animals, or frugivores, do not eat the seed but they eat the endocarp, or
nutritious fruit, that surrounds the seed. Plants make sure these fruits are not eaten to early,
before the seed is mature, by cryptic colouration, such as a green fruit among green leaves,
and by making the fruit have a bad texture, and sometimes a hard-outer coat. When the
seed is mature, plants will attract animals by presenting attractive odours, changing the fruit
texture, increasing the sugar and oils in the fruit, and through colour to catch attention.
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HABITATS

A habitat is the place where an organism or community of organisms live. It includes all the
living (biotic) and non-living (abiotic) conditions that an organism needs to survive. A
microhabitat is the conditions and organisms in the immediate area of a plant or animal.

Abiotic factors, such as temperature, water, sunlight, wind, rocks and soil, and climate all
impact a plant’s ability to obtain the resources they need to live and ability to survive in the
environment. The temperature of an area affects all biological processes. The availability of
water within regions affects species distribution as all species need water to survive and
many species live within this water. Sunlight provides the energy that plants use to grow. As
the primary food source, the abundance and distribution of plants in an environment will
impact the abundance, density, and diversity of plants in a region. Additionally, the physical
structure of rocks and soil limit the distribution of plants and thus the animals that rely on
them.

Climate is one of the biggest abiotic driving factors that influence the distribution of wildlife
on earth. Climate influences the temperature of a region, availability of water, sunlight, and
wind, as well as the structure of rocks and soil. It also limits the biological process of all
living organisms and thus plays a large role in dictating the diversity and abundance of
plants.

Plants have adapted to the habitat in which they live. Specialized adaptation of each species
to their habitat ensures their survival and continued ability to reproduce. This adaptation
also allows species to survive predictable changes in their environment, such as the onset of
winter or summer, or the wet or dry seasons.

ECOREGIONS

Ecoregions are major ecosystems that
result from a combination of predictable
patterns of climate, which are
influenced by latitude, global position,
and altitude. Every ecoregion is a
geographical area across which the
interactions between climate, soil, and
topography are uniform enough to allow

for the development of similar types or
© 2014 R.G. Bailey/Springer Science
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forms of vegetation. Ecoregions occur in predictable locations in different parts of the world.

Within ecoregions, scientist use a hierarchy to describe ecosystems. A domain represents a
subcontinental area of related climates; there are four domains, polar, humid temperate,
humid tropical, and dry. A division represents a single regional climate. Currently, 14
divisions are recognized (e.g., tundra, subarctic, subtropical, prairie, etc.).
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As all ecosystems operate within the context of larger systems, so our understanding of
these large ecoregions allows us to better understand what is going on at a smaller local

level. This knowledge provides a better foundation for ecological management of resources,
such as plants, land, and water.

Ecological regions of North America: note that the province of Manitoba is quite diverse,
and it includes the Great Plains (Prairie, Humid Temperate), Northern Forests (Warm
Continental, Humid Temperate), Hudson Plain (Subarctic, Polar), Taiga (Subarctic, Polar),
and Tundra (Subarctic, Polar).
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PLANT COMMUNITIES

Ecosystems generally have well-defined plant associations. This plant association will be
dependent on a variety of factors, including soil types, meteorology (rocks), and a mixture of
fauna (animals). The plant association may change by seasons in temperate and boreal

areas, although much of the appearance of difference will be due to dormant or leafless
plants in the winter season.

STRATIFICATION AND STRUCTURE

In each ecosystem, a well-defined plant association is present, and often characterized by
multiple layers. In the case of some ecosystems, such as grasslands, and other treeless
habitats, some of these layers may be missing.

Vertical stratification

The structural features of plant communities, especially forests, are built on vertical
stratification created by the amount of space taken up by specific vegetative groups. For
example, in forests the amount of space occupied by trunks, branches, twigs, and leaves at
different levels changes the amount of light spread throughout the various levels. These
differences control the growth of plants

adapted to each level. All together, these

differences influence the plants and animals

found at each level.

In general, four different strata are
recognized. Not all layers are found in all
locations. The canopy refers to the highest
layer of vegetation in a forest, made
comprised of the crowns of its tallest trees.
Individual trees growing above the general
layer of the canopy may form an overstory.
The understory refers to those trees above
the shrub layer and below the canopy. Light
intensity starts to dim within this layer. The
shrub layer is the layer of vegetation within
a habitat with heights of between one and a
half to about 10 metres. Young trees are also
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part of this layer. This layer only receives light filtered by the canopy. Semi-shade or shade-
loving plants that would not tolerate bright sunlight prefer this layer. At the edge of a forest,
the shrub layer acts as a windbreak close to the trees and protects the soil from drying out.
The final layer, the floor or herbaceous layer of a plant community, is composed non-
woody vegetation, or ground cover, growing in the forest with heights of up to about one
and a half metres. The herbaceous layer consists of various herbaceous plants, grasses,
dwarf shrubs, and young shrubs. In deciduous forests, early flowering plants appear first
before the canopy fills out. Thereafter, the amount of light available to plants is significantly
reduced and only those that are suited to such conditions can thrive. In an oak forest, only
about 6% of the mid-day sunlight will reach the forest floor. By contrast, grasslands consist
of moss and herbaceous layers.

The floor of a plant community is often covered by a layer of dead animal and plant material.
Dead trees, in the form of large standing dead trees, snags, or downed trunks and limbs also
make up an important part of this layer. Through the work of microorganisms, bacteria,
fungi, and algae, the organic material in this layer, from dead trees and other organic
materials, nutrients are returned to the system. Further, this layer provides important
habitat for animals that call the forest home. Under the floor of a plant community, the root
layer (rhizosphere) are often also recognized. It consists of the plants' roots and related
elements such as rhizomes, bulbs and tubers.

Slopes and Elevation

The plant community of an area can be strongly impacted by slopes and elevation changes
within the landscape. The amount of sunlight and precipitation an area receives can change
depending on the elevation,

consequently changing the

composition of its plant and

animal communities. As you

can see in the figure below,

the south-facing slope has

plants reflecting an increased

solar radiation and decreased

precipitation. In contrast,

the north-facing slop is

composed of plants that

need more water and

precipitation.
© 2014 R.G. Bailey/Springer Science
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HABITAT TYPES

Regions of the earth have also been grouped based on the types of vegetation present,
known as vegetation regions, or habitat types. The four major types are grasslands, tundra,
desert, and forests. Shrublands are a fifth area, that are often just examined as the transition
between forests and other regions yet have their own unique vegetative structure.

Grasslands

© Phil Schermeister/National Geographic

Grasslands are the largest of the four major vegetational formations. They represent 24% of
the Earth’s vegetation. Native grasslands are found in regions with periodic drought,
moderate amounts of rainfall, and the accumulation of organic matter. Grasslands are
dominated by grasses. Grasses are distinctive because their stems produce narrow leaves
that grow from their bases. This specific type of growth allows these plants to survive
grazing by animals or be mowed. All grasslands have a climate characterized by high rates of
evaporation, periodic severe droughts, and rolling-to-flat terrain. Forb species, including
legumes, as well as an assortment of herbaceous plants (e.g., dewberry and goldenrod) are
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often found in association with grasses in these areas.
In prairies, such as in Manitoba, legumes and asters
are important components to these areas.

Grasses are classified as either sod-formers or
bunchgrasses. Sod-forming grasses grow a solid mat of
grass over the ground. Bunchgrasses grow in bunches
(see figure, with bunchgrass on left and sod-form on
right). The space between bunchgrasses often can be
filled by other plants including herbs. Little bluestem
is a typical bunchgrass. Western wheatgrass is an
example of a sod-forming grass, which is spread by

underground stems. Some grasses can form either sod Growth forms and roof

or bunch types depending on their environment. For penetration of a bunchgrass (left)

versus a sod grass (right).

example, Big bluestem will develop into a sod-form Modified from Smith and Smith 2001

grass when the soil is rich and moist but form a
bunchgrass when the soil is dry.

Many of these natural grasslands have been converted into agriculture cropland. Grains such
as corn, wheat, oats, and barley are often grown in these areas. Grasslands are also often
used to produce hay or serve as pastureland for cattle or sheep.

Many types of grassland exist, with North American grasslands often being grouped into
three major types, tallgrass, mixed-grass, and shortgrass prairie.

Cultivated and successional grasslands — Grasslands found in normally forested regions
that are either cultivated (for agriculture) or successional. In North America in highly
developed areas, cultivated grasslands are very common.

© Nicholas A. Tonelli
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Tallgrass Prairie — Big bluestem is the dominant grass of the tall grass prairie, with little
bluestem, porcupine needlegrass, and prairie dropseed grasses. A diversity of forbes are also
found in this type of grassland. A large part of this grassland is interspersed with trees and
shrubs, especially along streams and lower slopes of hills. Unfortunately, most of this prairie
has been converted into cornfields and other cropland. It has been estimated that in
Manitoba only 0.5% of the original tall grass prairie remains. Manitobans can visit some of
the last remnants of this habitat type at the Manitoba Tall Grass Prairie Preserve.

Mixed-grass Prairie — Mid-height grasses occupy the lowlands and shortgrass occupy the
higher elevations within the mixed-grass prairie. The amount of precipitation varies widely
from year to year, which is reflected in the mix of grasses, forbes, and herbs.

© Anne Stine
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Shortgrass Steppe — Shortgrass
steppe/prairie contains shallow-
rotted short grasses that reflect
the reduced moisture found in
this area. Sod-forming blue
grama and buffalo grass
dominate this landscape. Much
of the short-grass steppe has
been destroyed by overgrazing
and wheat agriculture. The lack
of moisture in this area meant

the area could not support wheat

agriculture for long and so

© Llano Estacado

drought, lack of tight sod cover, and winds turned areas of the short-grass prairies into the

Dust Bowl in the 1930’s. Recovery from this period has taken decades.

Manitoba's grasslands are part of the 'temperate grassland' zone that extends across the

middle part of the United States and the southern parts of the prairie provinces. Temperate

grasslands are the most endangered terrestrial (land-based) ecosystem on earth.

Shrubland
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Shrublands are very diverse and range from Mediterranean types in arid and semiarid
regions to heathlands of cool-to-temperate climates and successional shrublands. The moors
of Scotland and the macchia of South America are two famous examples of shrublands.
Shrubs and shrublands are difficult to characterize. Shrubs are often defined as a plant with
wood stems, no central trunk, and a height of up to 4.5-6 m. However, size is not good
characterizing measure and many areas called shrublands contain varied vegetation.

Shrubs are found to dominate areas experiencing low water, soils lacking in nutrients, cold
winters, short growing seasons, and wind. Shrubs are able to take advantage of these area as
they have less energetic and nutrient investment then trees, extensive root systems (take
advantage of moisture deep in the soil), and many stems to influence the capture of water.
Some species of shrubs may inhibit the growth of their competitors (such as herbs) by
secreting substances toxic to other plants.

Deserts

Spruce Woods
© Solo Outdoors

Deserts occur where the annual rainfall ranges between 7-40 cm, it is possible that the rate
evaporation will be higher than precipitation, and there is low plant growth. Woody-
stemmed and soft-brittle-stemmed shrubs are characteristic desert plants. Yucca, cacti, and
small trees all can also be found growing in the desert. Plants in this area have evolved to
deal with the scarcity of water (xerophyte plants — see Plant Adaptations to Extreme
Environments). Plants in this area either avoid droughts (drought evasion) or are drought
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resistant (xerophytes). Drought-evading plants can be annuals (regrow each year) or
perennial (persist over years). Often annuals in the desert persist as seeds during the
drought and are ready to sprout, flower, and produce seeds when conditions change, and
moisture and temperature are good. Drought-evading perennials have bulbs that send up
growth during rainy periods, but they can bloom at different times. Drought-resistant
plants all are perennials with different adaptations to this environment. Some shed leaves
during the dry season while others maintain evergreen leaves throughout the year and have
a taproot that reaches the water table. A further group that is often seen as symbolic of
deserts is the succulents that have large internal water reserves to carry them through

droughts.

Tundra

Tundras are areas that are cold due to high latitude or altitude. These areas are characterized
by low temperatures, short growing seasons, and low availability of nutrients. The word
tundra comes from the Finnish tunturia meaning “a treeless plain”. Arctic tundra can be
found encircling the northern pole of Earth, whereas alpine tundra can occur at the peaks of
tall mountains. In the Antarctic, a well-developed tundra is lacking due to the small amount

of land area and deep ice sheets.

Tundra is land with many lakes connected by streams, and occasional rivers. The vegetation
in this zone ranges from tall shrubs (2-5 m high) to dwarf shrub heath (5-20 cm high),
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grasses, and mosses. In low lying areas extensive bogs can persist. In higher areas exposed
to wind, vegetation is scarce and scattered, and the ground often is rock-covered and bare.

Permafrost, or a permanent frozen layer in the ground, as well as cycles of freezing and
thawing shape the arctic tundra ecosystem. The depth of thaw may vary from a few
centimetres to half a meter, which makes parts of the ground impenetrable for both water
and roots. This creates shallow lakes and bogs. It also limits plant growth. However, the
reservoir of water on top of permafrost also enables plants to

be found in the driest parts of the arctic.

The vegetation of the tundra tends to be small, grow slowly,
and most plants are from a few species’ groups. Most plants in
this area are perennial and grow vegetatively instead of using
seeds. South of the arctic tundra and below the alpine tundra
is a transitional zone between the tundra and the forest. The
tree line marks the edge between these two habitats. Within
this zone, krummbholz or “crooked wood” trees are found.
These trees are stunted and misshapen by the force of the
wind, cold, and winter desiccation.

Forests

Forests represent the most widespread and diverse types of vegetation in the world. Distinct
bands of forests grow around the northern hemisphere. Moving southward from the tundra,
in order, coniferous, temperate deciduous, and finally around the equator, tropical forests
are found. In the southern hemisphere, tropical forests are found more extensively.
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Coniferous Forests

Coniferous trees are cone-bearing gymnosperms, from the group Pinophyta. They have dark
green, needlelike or scalelike leaves. Other than a few exceptions, conifers are evergreen
meaning the retain their foliage all year. Having foliage year-round allows the trees to
photosynthesize throughout the year. Conifers are some of the most important source of
lumber and paper pulp. A variety of coniferous forests can be found around the world.

Taiga and Boreal Forest: The taiga and boreal

forest form a belt across the northern

hemisphere. This forest is found within the

polar domain. Severe winter is the dominant

season and only a small amount of precipitation

comes within the warm summer months.

However, due to the reduced evaporation due to

cold, this type of forest can remain moist year-

round. The evergreen coniferous trees found

within this forest have adapted to these winters

and respond quickly to the summer season.

Moss, lichens, and low shrubs are also important plants found within these forests. The
exact composition of this type of forest varies throughout its extent. In Canada, these forests
are dominated by four groups of conifers, Spruce (Picea), Firs (Abies), Pine (Pinus), and
Larches (Larix), and two groups of deciduous (shed leaves annually) trees, Poplar, Aspen,
and Cottoonwood (Populus), and Birch (Betula). Jack pines and Black Spruce trees dominate
in these areas.

Temperate Needle-Leaf Rain Forest: Found in the west coast of North America, within
the humid temperate domain, these areas receive superabundant rainfall, high humidity, and
warm temperatures creating unique forests. These areas are full of mosses, epipytes and
ferns, along with conifers that have adapted to

these wet mild winters and nutrient poor soils.

Hemlock, Pacific silver-fir, Douglas fir, dominate

these forests. Coast redwood can be found in the

southern areas of this forest. This type of rain

forest forms the densest coniferous forests and

contains some of the world’s largest and tallest

trees.
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Coniferous Woodlands: Dry climates found in
western North America, create the conditions
for pifion-juniper woodlands. These ecosystems
are part of the Temperate Desert Division.
These forests have open growth small trees in
association with an understory of grass and
shrubs. Coniferous woodlands have been
impacted by livestock grazing, fuel harvest, and
fire.

Temperate Broadleaf Forests

Despite their name, temperate forests face daily and seasonal temperature fluctuations, that
shape this habitat. Deciduous trees drop their leaves annually, and so deciduous forests are
leafless during the winter. Northern deciduous forests remain leafless most of the year. Yet,
despite all this, temperate forests are highly productive, supporting high levels of plant and

animal life.
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Temperate Deciduous Forests: The temperate
deciduous forests can be found worldwide, and
once covered vast areas of Europe, China, South
America, and eastern North America. Large
parts of these forests have been cleared for
agriculture and human development. Oak,
beech, Ash, Birch, and Elms are the trees that
dominate this type of forest. As these forests
are highly productive, they are also home to a
variety of other plants. Lichen, moss, ferns,
wildflowers and other small plants can be found
on the forest floor. A variety of plants fill in the
shrub layer and trees make up the canopy.

Temperate Woodlands: The open oak and oak-
pine temperate woodlands provide transition
from coniferous forests to other habitats,
including prairies, steeps, and deserts. Found in
the southwestern United States and Mexico,
this transitional woodland is found in dry areas.
This type of forest is dominated by oaks,
especially the Emory oak, but junipers and
pines may be present as well.

Temperate Broadleaf Evergreen Forests:
Found within several subtropical areas of the
world, temperate broadleaf evergreen forests
contain live oak, magnolias, and redbay. These
forests are also characterized by many ferns and
palms in the shrub layer of the forest, and
epiphytes, lichen, and Spanish moss found
throughout.
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Tropical Forests

Tropical forests are found in the humid tropical domain, in the rain forest division. These
forests experience a steady year-round temperature of about 23°C and a wide variety in
rainfall. The variety in climatic conditions are reflected in the diversity of vegetation patterns
found in these forests. The diversity found in these forests is unequaled anywhere else in
the world.

COMPETITION

Plants must compete with each other, and other living things, for limited habitat resources,
including space, food, nutrients, water, and light. Competition is the negative effects on
plant growth or fitness caused by the presence of neighbours, usually by reducing the
availability of resources. This competitive interaction occurs when a specific resource is in a
short supply compared to the number of seeking the same resource.

Interspecific competition occurs when an individual or community is competing with
another species, e.g., grass is competing with trees. Intraspecific competition occurs when
an individual is competing with members of the same species, e.g., jack pine tree with
another jack pine tree. Competition is an important factor that limits population growth as
well as influences what species of plants and how many of them may be found in the same
area.
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Competition can be an important factor controlling plant communities, along with
resources, disturbance, herbivory, and mutualisms. The effects of competition are
widespread and easily observed in mixtures of crops and managed forests, which is why
weeding and thinning are practiced. Competition is also widespread in native habitats, from
deserts to wetlands, and is known to have important—indeed crucial—effects upon
recruitment, growth, and reproduction.

SUCCESSION OF PLANT COMMUNITIES

Habitat, the complex association of soil, water and plants is in itself dynamic and ever
changing. These changes can be subtle or dramatic. A forest fire causes a dramatic habitat
change. The coniferous forest, cool and shady, disappears. Eventually, on the blackened, but
now sunlit ground, grasses and other plants appear. Each type of plant appears, grows,
matures, and disappears to be replaced by others, which also go through their stages and are
replaced by still other varieties. This series of changes taking place is not random or
haphazard but a predictable, sequential chain of events called succession. Succession is the
orderly replacement of one biotic community with another. With each successional stage, be
it subtle or dramatic, habitat is changed. With changes in habitat come changes in the forms
of wildlife using that particular habitat.

In a recently exposed environment, such as an area that has recently undergone a major
disturbance, like, severe fire, industrial development, or a volcanic, lichens and moss can
serve as a pioneer plants moving into this area, followed by grasses and flower plants over
time. This is slowly replaced by a low ground cover of grass and flowering plants. Pioneer
species are hardy species that are the first to colonize an area, beginning a chain of
ecological succession that ultimately leads to a more biodiverse steady-state ecosystem.
Over the next few years — shrubs, bushes, or trees (e.g., willows, aspens and coniferous
trees) each in turn, make their appearance. Finally, the plant community is once again as it
was, composed with a climax community. This final or climax stage will remain until it
experiences a disturbance, such as a fire, storms, or logging, and the successional cycle is
triggered once again. Each species of wildlife has unique habitat requirements. Therefore,
changes in habitat will change the kinds of wildlife associated with it.
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Below is a simple example of succession:

COMMUNITY STABILITY AND EQUILIBRIUM

Succession can reach a climax in some communities, which produces a stable community
that will be dominated by a small number of prominent species. In contrast, areas
experiencing continual small-scale disturbances (e.g., fires, storms, etc.) will produce
communities that are more diverse, and any species may become dominant for a time.
Communities undergoing these fluctuations highlight the effects of unpredictable
disturbances on the development of the community composition of an ecosystem. In some
tropical forests where hundreds of tree species may be present in a small area, the death of a
tree can shift the species composition within the same area. Other plants that previously
could not live in this area due to a lack of resources, such as sun, nutrients, and water, can
suddenly grow in this area.

Communities that are diverse, or have a large number of species, are considered healthy. If a
community that is diverse undergoes a disturbance, such as fire, flooding, or storms, they
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are faster at recovering than a community that has few species. Additionally, undisturbed
communities can deal with the introduction of invasive species better.

Disturbance-dependent ecosystems

Disturbance is a natural part of many different ecosystems. Disturbances are often defined
as “discrete events that disrupt the structure of a community or population and change
resource availability.” Disturbances can be natural (not due to humans) and are an
important part of how an ecosystem functions. Disturbances are important for nutrient
cycling and the structure (how species are arranged) of an ecosystem. The frequency of the
disturbance, how big the disturbance is, the intensity of the disturbance, and its severity all
impact the role it plays in changing an ecosystem.

Non-natural disturbances can be caused by human development and actions. Humans have
been modifying ecosystems for millennia, both directly (e.g., livestock grazing, fire
suppression) or indirectly (e.g., landscape fragmentation, introduction of invasive species)
or introduce new types of disturbances like pollution.

Minor disturbances can include localized wind storms, droughts, floods, small fires, and
disease outbreaks due to pathogens. Major disturbances can include large-scale wind events,
volcanic eruptions, hurricanes, intense forest fires, epidemics, weather events, pollution,
and land use conversion (e.g., turning an area into agriculture or housing development).

Fires — Fires are natural disturbances that help shape the plant and animal communities
throughout the world. Some ecosystems, like grasslands and some forests, are subjected to
fires over centuries and we consider them to be fire-dependent. These communities require
fires to restore and maintain their ecological integrity.

Fires produce a mosaic of plant communities with different ages and species composition
within a landscape. Fires burn with a variety of intensities depending on differences in
terrain, wind, and other factors. Typically, areas where the fire has completely consumed the
landscape, are scattered within patches of lightly burned and unburned areas. The fire
increases the diversity of structure (arrangement of species) and species diversity over time.

Nutrients can also be released during a fire. The fire helps release nutrients bound in litter
and woody debris on the ground. Fire will also reduce woody fuels to ash and consume the
organic layer of soil. Nutrients are lost to the atmosphere as smoke, but many more
nutrients are added to the soil. This “flush” of nutrients is available to plants that are re-
establishing themselves in burnt areas.
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In the boreal forest, after a fire the burned sites will begin to regenerate with the
establishment of pioneer species, such as white birch, jack pine, and lodgepole pine. These
three species require full sunlight and are adapted to landscapes that experience regular
fires. Jack pines and lodgepole pines have a type of cone known as pyriscence, a type of
serotinous cone (a seed is released in response to an environmental trigger), which is
protected by a waxy coating and requires heat to release their seeds. Fires produce the
favourable conditions for these seeds to germinate and grow, and both pine species require
fire to regenerate. Other species, such as balsam fir, white spruce, and white cedar have not
adapted to fires and take a long time to recolonize areas that have experienced fire
(sometimes as long as 150 years).

Fire regimes of different vegetation types in North America
© 2014 R.G. Bailey/Springer Science
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The grasslands were created and maintained by the presence of frequent fires. Fires can
remove encroaching trees and shrubs, as well as stimulating new growth of grass species,
through the release of additional nitrogen and other nutrients. Ancient hunting peoples
were also known to set regular fires to maintain and extend existing grasslands. Grassland
plants, such as grasses, have long root portions that can survive the fires and sprout up
again quickly. Some trees in these regions have thick bark to resist fire.

Herbivory - Plants are attacked and eaten by many different animal consumers. They form
the base of the food web to which communities
and ecosystems are assembled. Herbivories, in
turn, can have a strong impact on plant growth,
reproduction (directly as seed predators, indirectly
by reducing the amount of plants), and survival.
Herbivores can include zooplankton, snails,
insects, waterfowl, fish, muskrats, moose, deer,
etc. Large-scale studies have shown that
herbivores can influence what plants occur within
a community. For example, if a large mammal
such as a group of deer move through a grassland,
they may consume specific types of plants, giving
more space for other plants to grow. In some
environment’s plants have adapted to extensive
and consistent herbivory. In grasslands like the

The difference grazing by a large

prairie, for example, grasses have extensive root herbivore (cattle) can make on plant

systems to prevent grazing or herbivorous animals  _j 0 unities
from pulling the roots out of the ground. They

also grow form near their base, not their tip, and thus are not permanently damaged from
grazing animals. These adaptations allow the grasses to regrow quickly after being

consumed by animals such as Bison or cattle.

Flooding and Water Levels — Wetlands, such as marshes, bogs, and fens, need fluctuating
water levels to function properly. These fluctuating water levels are necessary to maintain
dynamic, diverse, and healthy wetlands. Cycles of high to low water levels help create the
diversity in vegetation that is more resilient to other disturbances. High water levels help
prevent upland woody plants from invading and increase the meadow marsh at higher
elevations. Low water levels allow the seeds on the water bed to germinate, allowing the
establishment of many emergent plant species. Low water levels also reduce the invasion of
meadow marsh by moisture requiring cattails. Water-level change patterns are the driving
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force determining the overall diversity and condition of wetland plant communities and the
habitats they provide for invertebrates, amphibians, fish, birds, and mammals.

ECOTONES AND EDGE EFFECTS

The ecotone is a transitional area of vegetation between two different plant communities,
like a forest and grassland. This area will have some of the characteristics of both habitats
but could also have plant species not found in either overlapping community. Edge effects
are the influence of the two bordering communities on each other. The ecotonal area often
has a higher density of organisms of one species and a greater diversity (number) of species
than either habitat alone. This area is crucial for some organisms for courtship, nesting, or
foraging.

Ecotones can also be found where one body of water meets another (for example estuaries
or lagoons), or where water meets land (for example wetlands). Both marine and freshwater
ecotones have large plants that rise from roots attached to the submerged substrate.
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PLANTS AND THEIR ENVIRONMENT

Plants have adaptations to help them survive (live and grow) in different areas. Adaptations

are special features that allow a plant or animal to live in a particular place or habitat. These

adaptations might make it very difficult for the plant to survive in a different place. This
explains why certain plants are found in one area, but not in another. For example, you

wouldn't see a cactus living in the Arctic. Nor would you see lots of really tall trees living in

grasslands.

Plants have evolved a variety of adaptations to surviving the winter. Unlike many animals

(and humans!), plants
cannot leave, hibernate, or
otherwise escape the
winter conditions. As they
are rooted, plants must
stay where they are, and
so they have evolved
strategies to survive the
conditions around them.

Shedding Leaves

Deciduous plants survive
the winter and its lack of
water by shedding their
leaves, as water tends to
get evaporated into the air
from the leaves. During
the fall, leading up to the
winter, most deciduous
trees drop their leaves and
become dormant. See the
figure for more details on
this process.

Evergreen trees (like

WINTER ADAPTATIONS

64



coniferous trees) maintain their leaves and needles. These leaves and needles have a thick,
waxy coating that reduces water loss.

Plant Growth and Shape

Areas that are cold year-round and receive frequent snow,
such as the Arctic, have trees that grow close to the ground or
grow in shapes that help them shed snow easily, such as
branches that droop downward to allow excess snow to fall to
the ground and prevent breakage. Plants in this region may

also hold onto their leaves to help insulate them from the
cold.

Plants within cold environments also go dormant during the
winter period to reduce damage from temperatures and frost.
However, if sharp frost events following warm spells or when
snow bed plants become snow free may lead to some tissue
loss by plants. This type of characteristic damage can be
observed in wood products.

Trees in cold locations, such as the Taiga, are dominated by
conifers. Coniferous trees are evergreen which allows the
plant to photosynthesize as soon as the temperature rises to a
minimum temperature. Further, the needles are dark in
colour allowing more solar heat to be absorbed.

In the Tundra, which is cold year-round, plants have also developed the adaptation to be
covered with a hair like growth that helps insulate them. Plants also grow in groups to
protect each other from the wind and cold.

Freezing Resistance

In order to survive the cold, plants must have some form of resistance to freezing. Changes
within a plant allow it to survive temperatures below the freezing temperature of water,
although many of these processes require a slow acclimation period. For example, some
coniferous trees also have a special valve in their cells that can seal off individual frozen cells
to prevent a freezing chain reaction. Additionally, some trees in cold regions are known to
be able to super-cool their xylem water (cool down to -40C).
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WIND ADAPTATIONS

Stems and Leaves

Plants that have to undergo great stress due to
constant windy conditions often have evolved to
have soft stalks, so they can flex with the wind
instead of fighting against it. For example, the
grasses found in a grassland are extremely flexible
and can bend in the wind. The leaves of some
species of tress deal with strong winds by adjusting
their configuration (curling) in order to limit flutter
and their exposure.

Seed Dispersal

Some plants take advantage of living in windy environments, using the wind to distribute
their seeds throughout the environment. Some plants have serotinous cones that are
triggered by wind (xyriscence).

Size and Clustering

Some plants, such as those found in the tundra, will cluster together to protect each other
from the wind. Additionally, in this area plants will remain small to reduce the impacts of

wind.

PLANT ADAPTATIONS TO EXTREME
ENVIRONMENTS

Plants are adapted to the location to which they live. In nature, situations can change.
Sometimes areas may become dryer, wetter, or sometimes taken over by a specific organism.
These changes can be rapid, but often they have occurred over a long period of time. Plants
and animals have mutations in their genetic code, which can be harmful, neutral, and
sometimes beneficial when conditions change. In ecology, an adaptation is a change that is

maintained by natural selection.
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Changes in environmental conditions for plants could be caused by a variety of factors, like
decreased availability of water (drought) or excess water within its habitat (flooding). Plants
that have adaptations that are better suited to this changed environment may do better than
those without any adaptations, and over long periods of time, the whole new population will
inherit this change. In areas that experience these extreme conditions over millennia, plants
have evolved extreme adaptations to deal with the extreme conditions.

ECOLOGICAL GROUPS OF PLANTS: HYDROPHYTE,
XEROPHYTE, MESOPHYTE, HALOPHYTE

Plants often have adaptations, or changes, that help them survive under a range of
conditions.

Hydrophyte — this group of plants are adapted to living in aquatic environments. These
plants either remain fully submerged in water, like Hydrilla, or most of the plant remains

under water, like lotus or water lilies.

Xerophyte — this group of plants are adapted to survive in an environment with little liquid
water. Examples include cacti and succulants.

Mesophyte — this group of plants are adapted to a habitat with adequate water. These plants
include most of the plants we see around us every day, like trees and shrubs.

Halophytes — this group of plants are adapted to a salty habitat. These plants are often
found in saline semi-deserts, mangrove swamps, marshes, and sea shores. Examples include
cordgrass, switchgrass, and saltbush.

HYDROPHYTES

- Underwater leaves and stems are flexible to move with water currents.

- Some plants have air spaces in their stems to help hold the plant up in the water.

- Submerged plants lack strong water transport system (in stems); instead water,
nutrients, and dissolved gases are absorbed through the leaves directly from the
water.

- Roots and root hairs reduced or absent; roots only needed for anchorage, not for
absorption of nutrients and water
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- Some plants have leaves that float atop the water, exposing themselves to the
sunlight

- In floating plants chlorophyll is restricted to upper surface of leaves (part that the
sunlight will hit) and the upper surface is waxy to repel water

- Some plants produce seeds that can float

Waterlilies leaves, as you can see in the cross-section, have a tough network of bundled
hollow cells that hold air that helps the stems float.
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XEROPHYTES

A xerophyte is a species of plant that has adaptations to survive in an environment with
little liquid water, such as a desert or an ice- or snow-covered region in the Alps or the
Arctic. Popular examples of xerophytes are cacti and pineapple plants.

- Some plants, called succulents, store water in their stems or leaves

- Some plants have no leaves or small seasonal leaves that only grow after it rains.
The lack of leaves helps reduce water loss during photosynthesis. Leafless plants
conduct photosynthesis in their green stems.

- Long root systems spread out wide or go deep into the ground to absorb water;

- Some plants have a short life cycle, germinating in response to rain, growing,
flowering, and dying within one year. These plants can evade drought.

- Leaves with hair like structures help shade the plant, reducing water loss. Other
plants have leaves that turn throughout the day to expose a minimum surface area
to the heat.

- Spines to discourage animals from eating plants for water

- Waxy coating on stems and leaves help reduce water loss.

- Flowers that open at night lure pollinators who are more likely to be active during
the cooler night.

- Slower growing requires less energy. The plants don't have to make as much food
and therefore do not lose as much water.

Mechanisms of drought resistance
© from Brunner et al. 2015, Frontiers in Plant Science
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COMMON ENVIRONMENTAL PROBLEMS

Plants often experience similar environmental problems, especially with anthropogenic or
human development.

Foliage burn

Foliage burn or leaf scorch can be caused by soil compaction, transplant
shock, nutrient deficiencies, drought, salt toxicity, and herbicide injury.
Foliage burn is defined as a browning of plant tissues, including the
margins and tips, and a yellowing or darkening of veins which may lead to
eventual wilting and release of the leaf. To reverse these symptoms and the
damage, pruning sprouts and affected areas, avoiding frequent light
watering periods and watering heavily to promote healthy root
development, and avoiding over-fertilization can be used.

Pollution

Pollution is a worldwide problem. It is wide-spread, and it can come in many forms,
including water, air, and land (soil). Sources can include industry, commercial development,
and transportation. Pollution can affect humans and animals, but also plants. Damage can
include leaf damage, slower growth, root damage, and an inability to properly
photosynthesize.

Air pollution - air pollution can come from a variety of sources, including a factory, car
exhaust, or off gassing from the production of plastic. The impacts of air pollution on plants
are wide spread. Damage in plants can be observed in a variety of ways including lesions,
stunted plant growth, or the changing of colour (aka yellowing of leaves, reddening,
bronzing). The holes in the ozone can also be very damaging for plants. Holes in the upper
atmosphere let excess UV light to pass into the atmosphere which leads to plant damage. In
the lower atmosphere ozone damages plants by preventing photosynthesis and blocking
stomata, which restricts respiration and stunts plant growth.

Soil pollution — This type of pollution can come from improper waste disposal, oil spills,
landfills, pesticides, or the illegal dumping of toxic substances. The addition of chemicals
into the soil can strip it of nutrients as well as fill the soil with chemicals or metals that may
damage plant cells and limit growth if they are taken up. If the chemicals are toxic they can
also change plant growth and reduce crop yields.
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Water pollution — Water pollution may be present due to sewage leaking, industrial spills,
biological contamination, or farm runoff. Contamination of water will have many negative
effects on plants including excess nutrients (excess plant growth), fluctuations in acidity
that can damage or kill a plant, and finally, as with soil pollution, the uptake of chemicals.

Lack of water

Vascular plants have a system that enables water and nutrients to be taken up from the
environment through their complex root system. The water needs of plants do vary widely.
The species and age of the plant, the soil where it is rooted, and its sun exposure all are
important factors. Some plants also have adaptations to exist in low water conditions.
However, most plants need a continual flow or presence of water and nutrients to ensure the
vascular system remains firm and the plant continues to be healthy. The lack of water or
severe reduction in this resource can lead to many problems. For example, the lack of water
can cause wilting of stems and leaves. Plants may also close down areas of the vascular
system to reduce water loss, which will lead to leaf, flower, and fruit loss. Continued water
stress can also make a plant more vulnerable to insect pests and disease, as well as less
effective competitors. Although most plants have adapted to go through short periods of
reduced water availability, sustained periods of drought can lead to the death of plants not
adapted to low water conditions.

How tree roots respond to drought

The response of tree roots to
drought involves a variety of
strategies. Plants have evolved
strategies that enable plants to
avoid low water potentials and
adaptations that enable them
to tolerate low water
conditions. Tree roots can
adjust their biomass, change
their anatomy (like increasing
water pores), and acclimatize
to the conditions. Mutualistic
relationships between the tree
and mycorrhiza can help a tree
survive drought conditions.
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Shade

Plants need light to photosynthesize and grow. Shade, naturally from other plants (like
trees), or by buildings or other anthropogenic structures can have a negative effect on plant
growth. Yet, plants may have a variety of adaptations to survive and flourish when
experiencing shade. Plants that thrive in the shade, or shade-tolerant plants have adapted to
conserve energy and optimize their use of any energy they have. Shade-tolerant plants have
more chlorophyll in their leaves, lens-shaped cells that can focus incoming light, invest more
in herbivore defense (producing toxins), and flowers and fruit that are almost invisible as
they match the surrounding plant.

Humidity and temperature

The overabundance of water in the air can cause problems such as promoting the growth of
bacteria and fungi which could be harmful to plants. Hot temperatures can also increase
evapotranspiration of water and stress plants.

In ecosystems where the temperature is hot, and it rains a lot, like the tropical rainforest,
plants have been able to adapt to this high humidity and temperature environment.

- Dirip tips and waxy surfaces allow water to run off, to discourage growth of bacteria
and fungi

- Buttresses and prop and stilt roots help hold up plants in the shallow soil

- Smooth bark and smooth or waxy flowers speed the run off of water

- Plants have shallow roots to help capture nutrients from the top level of soil.

- Many bromeliads are epiphytes (plants that live on other plants); instead of
collecting water with roots they collect rainwater into a central reservoir from
which they absorb the water through hairs on their leaves

ENVIRONMENTAL CONSERVATION

PESTICIDES AND FERTILIZERS

Pesticides and fertilizers can often be used to help plants grow.

Pesticides are used to kill off insects and other pests that might consume or negatively
impact plants. Historically they have been used in agriculture to increase crop yield and to
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improve pasture and grassland conditions. However, many pesticides can have negative
impacts on the environment. Some may kill animals that are detritivores and an important
part of the nutrient cycling within an area. If these animals are absent, nutrient cycling may
slow down substantially, starving plants of the necessities of life. Further, as many pesticides
are not very specific, they may also impact insects and other invertebrates that are important
pollinators. Without these pollinators, many plants will be unable to reproduce.

Pesticides may also pollute the air, water, and soil. As a result, plant and animal life may
become sick, malformed, or even die.

Fertilizers are materials that are applied to soils or plant tissues to supply one or more
essential nutrients to assist with plant growth. By adding additional nitrogen and
phosphorus to the soil, plants can thrive, as well as increase growth and reproduction.

However, there can be too many nutrients added within a system. Excess nutrients can
become a type of pollution and wash off the soil into aquatic environments leading to
eutrophication and other problems. Phosphorus from fertilizer can cause algae to
accumulate in lakes and ponds, leading to decreased oxygen and the death of aquatic
animals such as fish.

INVASIVE SPECIES

An invasive species is an exotic (originating from another region of the world) species
whose introduction causes or is likely to cause economic harm, environmental harm, and/or
harm to native species (including human) health. Species include plants, seeds, eggs,
spores, other propagules, and animals (e.g., mammals, reptiles, amphibians, fish, insects
and other invertebrates). This expansion is often due to human activities. Invasive species
are more commonplace than one might think. Kentucky bluegrass, periwinkle, lily of the
valley, and dandelion are all common plant species found in our lawns and gardens but are
invasive species to this region. The domestic cat is thought to have originated in Africa.
Some species have moved within the country into areas they have been previously absent.
For example, the house finch, native to several western provinces, is now found in a number
of eastern provinces.

Although all invasive species are non-native species, not all non-native species are invasive.
Non-native species are only considered invasive if they have harmful ecological,
environmental, or economic affects. All ecosystems are at risk from the harmful effects of
invasive species. The adverse effects of invasive species do vary widely, from the extirpation
or extinction of native species to small long-term effects on ecosystem function.
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Invasive species’ grow and reproduce rapidly, causing major disturbance to the areas in
which they are present. These species can threaten an area’s biodiversity by overwhelming
native species, damaging habitat, disrupting food sources, and introducing parasites and
disease. Most invasive species have little to no population control mechanisms in place to
help control their population levels in the area of introduction and therefore often increase
in numbers rapidly. Once invasive species are established in a region they can be difficult, or
impossible, to control and remove.

Invasive species often share characteristics that make them successful in their new region.
Invasive species characteristics include:

Few natural enemies
Many invasive species do not have any natural enemies (e.g., predators, competitors,
parasites, and pathogens) in the area they invade. A lack of predators and pathogens
may allow the invasive species population to spiral out of control.

High reproductive rates
Invasive species frequently have rapid growth, very short life cycles, prolific young
production (e.g., prolific seed production), and seed dormancy (in plants).

High survival
Invasive species often can tolerate a wide range of environmental conditions. Invasives
often can use a variety of pollinators (e.g., insects (such as bees, wasps, butterflies, etc.)
and birds) to complete their life cycle.

Good dispersal
Most invasive species can very effectively distribute themselves into new environments.
A lack of natural barriers, predators, and intraspecific competition may allow them to
spread quickly throughout the new region.

Aggressive competitors
Most invasive species are superior competitors to native species. They may be more
effective at obtaining resources like food, water, and/or space, or be better specialized at
obtaining one specific set of resources.

A combination of these characteristics allows invasive species to outcompete native species
in a region and become established.

Invasive species come into Canada by any means of transport that moves them farther than
they could move on their own. Sometimes they are brought in on purpose, but often they
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arrive unintentionally. Seafaring European explorers and settlers were the first to introduce
new species to Canada. They brought cattle, goats, and other domestic animals, along with
familiar crops like wheat, when they came by ship to explore and settle the New World.
Without meaning to, they also introduced unwanted organisms—pests, like the Norway rat,
and viruses, like deadly influenza and smallpox.

Many invasive species are transported to an area by accident. Accidental arrivals are rarely
discovered until they have established themselves and have spread beyond their point of
entry. For example, seeds of various plants can accidentally be transported from one location
to another.

When an invasive species enters an ecosystem, it can have an impact on the species that are
present, on important habitats, or even on the ecosystem itself. Concern arises when an
invasive species changes the system for the worse, by either reducing or eliminating
populations of native species, or by otherwise changing the way the

ecosystem works. These changes have made the invasion of alien

species a major global problem. If organisms were not able to move

beyond their normal ranges, each part of the world would have a

unique array of plants, animals, and microorganisms. However, as

species move from one area of the world to another, sometimes

squeezing out the competition, different places in the world become

more alike in their biology—a process called biological

homogenization.

The accidental introduction of the invasive Asian chestnut blight
fungus almost completely eliminated American chestnut from 180

million acres of eastern United States forests. The introduction, American Chestnut

© American Chestnut

through the nursery trade, caused an entire transformation of the e
ounadarion

Eastern deciduous forest ecosystem. The loss of the American
chestnut was a disaster for many animals that were highly adapted to
living in forests that were dominated by this tree species. Eventually,
ten moth species that had relied on chestnut trees became extinct.

Garlic mustard is an invasive forest plant species native to Europe,

introduced to North America in the 1800s to use as an edible herb.

Garlic mustard is an allelopathic ground cover plant, which allows it

to out-compete native ground cover plants and reducing overall

ground cover diversity in forests. Its ability to reproduce rapidly

expands its distributions in newly settled environments. While there Garlic Mustard
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are methods of control including chemical and manual, timing
of control is essential in trying to decrease the potential spread
of garlic mustard.

European buckthorn was introduced from Eurasia in the 1800’s
to be used for urban landscaping and in parks. The invasive
buckthorn has come to dominate mid-level canopies in many

. . European buckthorn
disturbed urban forests throughout North America. It has a
high fecundity and a prolific growth rate. The success of

buckthorn has been accelerated by a lack of natural controls and additional invasive species.

Leafy Spurge - this plant is probably the most serious invasive

in native grasslands in Manitoba. Leafy spurge (Euphorbia esula

L.) is a deep-rooted perennial plant, which can reproduce by

seed and underground creeping rootstocks. The plant stands

approximately 50-60 cm in height, has yellowish-green flowers,

contains milky white latex, and is usually found growing in

patches. Infestations of leafy spurge generally occur in Leafy Spurge
grasslands. The noxious plant often renders pasture lands

useless for grazing as the milky latex causes detrimental effects to most grazing animals.
However, sheep and goats appear to be unaffected and they will eat the plant. Nevertheless,
losses in grazing land for cattle in Manitoba have been estimated at over half a million
dollars per year. Leafy spurge is probably the most difficult invasive plant to control in
Manitoba. As it has a well-developed root system, the plant is able to survive a number of
different control methods (i.e. chemical and mechanical).
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New tool to predict which plants will become invasive

November 8, 2018 University of Vermont
https://phys.org/news/2018-11-tool-invasive.html

Around the world, over 13,000 plant
species have embedded themselves in new
environments—some of them integrate
with the native plants, but others spread
aggressively. Understanding why some
plants become invasive, while others do
not is critical to preserving the world's
biodiversity. traits that are different from
the native community and that plant
height can be a competitive advantage.

New research from the University of Vermont provides insight to help predict which
plants are likely to become invasive in a particular community. The results showed
that non-native plants are more likely to become invasive when they possess biological

"[nvasive species can have a devastating effect on our natural ecosystems and cause
long-term environmental and economic problems," said Jane Molofsky, a professor in
UVM's Department of Plant Biology and senior author of the study published
November 6, 2018 in Nature Communications. "Our aim was to leverage big data and
statistical techniques to evaluate this problem in a novel way by comparing traits of
native and non-native plants across a range of plant communities."

Working with a team of international collaborators, Molofsky and colleagues at UVM
explored differences in biological traits of 1,855 native and non-native plant species
across six different habitat types in temperate Central Europe.

In each habitat type, the authors compared the traits of native and non-native plants.
Of the non-native plants, they looked at differences in those that "naturalized,"
meaning they reproduce in nature without direct intervention by humans but did not
aggressively spread, and invasive species, those that spread over long distances and
often cause serious ecosystem damage.

Being taller promotes success
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In almost all of the studied habitats, the findings showed non-invasive plants shared
similar traits with the native plant community, such as plant height, leaf
characteristics and average seed weight. In contrast, invasive species appeared to have
similar but slightly different biological characteristics—they were similar enough to be
present in the same habitats but just different enough to have unique characteristics
that allowed them to flourish.

For instance, some invasive plants were taller on average compared with the native
species. This phenomenon suggests the additional height of some invasive plants gives
them better access to light and enables them to outcompete native plants and spread
more aggressively.

The findings support a novel theory of invasion called the edge of trait space model
that suggests non-native plants can co-exist with a native plant community when they
share a set of specific biological traits but can invade when they have slightly different
adaptations to local environmental conditions. Therefore, newly introduced species
must be similar enough to thrive in a community of native species, but their
differences may enhance their invasion success.

The results indicate that a single, easily measurable trait—plant height—can be a
highly predictive factor in determining which plants may become invasive in a given
environment. While the predictive traits may differ among different flora, the research
suggests eradication efforts should focus on non-native plant species that differ from
their native communities.

"We need new predictive tools to help inform policy and management decisions
around conservation and biodiversity," said co-author Brian Beckage, a professor in the
Department of Plant Biology and Department of Computer Science, and affiliate of the
UVM Gund Institute for the Environment. "Our hope is that this model can be used as
a screening tool to determine which plants have the highest probability of becoming
invasive in the future."

More information: Jan DiviSek et al. Similarity of introduced plant species to native

ones facilitates naturalization, but differences enhance invasion success, Nature
Communications (2018). DOI: 10.1038/s41467-018-06995-4

Journal reference: Nature Communications

Provided by: University of Vermont
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Invasive species can be added to a community either by natural range extensions or because
of human activity. Humans have served as both unintentional and deliberate dispersal
agents for millennia. In the last 200 to 500 years, the increase in human movement and
trade has dramatically increased this dispersal. Human activities may include international,
national, and regional trade and travel, horticulture, gardening and ornamentals,
transportation and unity corridors, seed mixtures (re-vegetation, bird seed, wildflower),
recreation, wildlife, livestock, humans, and pets (including the

pet trade).

Cheat grass was introduced to North America in 1889
through shipments of grain seeds from Europe. Wooden
packing material is often used to protect shipments of goods.
These materials can often harbor invasive plant pathogens and
insects. The Asian long horned beetle has been intercepted in

wood packing materials in the USA and the UK. Cheat Grass
© Robb Hannawacker/NPS
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Time to Rethink the Lawn

Ecology and Field Biology
Smith and Smith 2001

It’s any weekend day from April to October. America heads for the garage or garden
shed to start the lawn mower. The tasks are well defined: mow, weed, fertilize, lime,
aerate, and irrigate. The enemy is identified: crabgrass, dandelions, grubs, moles, ants,
and Japanese beetles are among their ranks. The attack begins with herbicides and
insecticides. It is an ongoing crusade, and the Holy Grail is the perfect lawn—the envy
of the neighborhood.

The reason for America’s obsession with the lawn is not clear, but theories abound.
Some say it’s rooted in early 19th-century British ideas of natural beauty. Evolutionary
psychologists suggest that the love of lawns is genetically encoded—a molecular
memory of the time when progenitors of the human species left their arboreal
dwellings for Africa’s savannas. Whatever the reason, the lawns of 58 million
American households combine to cover 20 million acres of the United States—an area
roughly the size of Pennsylvania. Nor is this obsession inexpensive. Americans spend
an estimated $30 billion per year on lawn care (enough to provide 1.5 million families
with an income above poverty level). Despite the enormous economic expenditures,
the real cost of creating and maintaining our lawns is perhaps best measured not in
dollars but by the cumulative effects on environmental and human health.

Lawns are human-made ecosystems. To create a lawn, a bare piece of land is required.
In the eastern regions of the United States, this means clearing forests. Most of the
nitrogen and other essential nutrients in a forest are in the living vegetation and dead
organic matter on the soil surface. When these are removed (by bulldozing or
burning), chemical fertilizers must be applied in order for the topsoil to support a
lawn. The nutrients in synthetic fertilizers are in an inorganic form that is readily
available for uptake by grass plants. However, because these nutrients are not easily
stored in the soil, they leach into ground or surface water. In contrast, nutrients in the
organic matter that was previously on the surface of forest soil became available
slowly through decomposition and nutrient mineralization (the transformation of

nutrients from organic to inorganic form). Very little was lost from the ecosystem

through leaching.

The problem of nutrients leaching from denuded forest soil is compounded when
homeowners remove mowed grass clippings for aesthetic reasons. Removal of
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clippings may result in a loss of up to 100 pounds of nitrogen per acre of lawn per
year. Without the natural recycling of nutrients via decomposition of grass clippings,
additional fertilizer needs to be added to maintain the lawn. Furthermore, to ensure
maximum productivity, lawn owners often add more fertilizer than plants are capable
of assimilating. This practice often leads to beautiful lawns, but it can create serious
environmental problems.

Excess nutrients have a variety of negative effects on a lawn. Too much nitrogen can
increase a grass plant’s vulnerability to disease, reduce its ability to withstand extreme
temperatures and drought, and discourage the activity of beneficial soil
microorganisms. In addition, some synthetic fertilizers acidify the soil, reducing the
uptake of magnesium, calcium, and potassium (elements important to biological and
chemical processes) in plant and soil organisms.

The environmental impact of overfertilization is not limited to the lawns; it also
affects ecosystems that communicate with lawns through the exchange of energy and
matter. Nitrous oxide, a product of the breakdown of ammonia (a form of nitrogen
commonly used as lawn fertilizer), is implicated in contributing to global warming.
When leached from the soil into waterways, the nitrogen and phosphorus in fertilizers
can lead to the eutrophication of aquatic ecosystems. This process begins with
excessive growth of water plants and ends in a smelly body of water deprived of
oxygen and the loss of many life forms. Chemical contamination of wells is a notable
problem for humans, with nitrate from lawn fertilizers being the most common
pollutant. Recent EPA surveys indicate that 1.2 percent of community water systems
and 2.4 percent of rural domestic wells nationwide contain concentrations of nitrate
that exceed public health standards. High concentrations of nitrate in drinking water
may cause birth defects, cancer, nervous system impairments, and “blue baby
syndrome,” a condition in which the oxygen content in the infant’s blood falls to
dangerously low levels.

Further environmental damage occurs from lawn owners’ adversarial relationships
with nature. In a lawn owner’s eyes, three groups of organisms threaten the lawn:

animals (such as moles and insects), weeds, and fungi. They may bring disease or

simply change the appearance of the lawn, disrupting the smooth, even carpet of
green. Since the 1950s, many homeowners have waged war on these enemies with
pesticides, specifically with rodenticides, insecticides, herbicides, and fungicides. . In
contrast, naturally occurring ecosystems protect themselves against disease and insect
outbreaks in many different ways. Some plants, such as milkweed, produce chemicals
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in their leaves that make them unpalatable. Many insect populations are held in check
by predators or diseases that are absent—due to pesticide use—in lawn ecosystems.
Although pesticides may hold down populations of unwanted lawn pests for a time,
they also result in the death of beneficial organ- isms—such as birds, earthworms,
some insects, bacteria, and fungi—important to the health of the lawn. In addition,
pesticides may persist in the environment for a long time with their lethal capabilities
intact, even as they travel by wind, surface runoff, or seepage through the soil to wells
and reservoirs used for public water supplies, wetlands, streams, rivers, and lakes, and
even to marine environments.

Pesticide contamination of groundwater is less documented than fertilizer pollution
but is of growing concern. Detectable levels of pesticides or their chemical breakdown
products have been found in 10 percent of the wells in community water systems. Of
the various types of pesticides, the most is known about insecticides. Many
insecticides work by blocking communication between cells of the nervous system,
but the newest ones, such as Bt (for Bacillus thuringiensis), prevent insects from
maturing. The latter are considered to be nontoxic to vertebrates because they are
naturally occurring insecticides that function by affecting the insect’s growth
hormones.

However, we do not know their long-term effects when used liberally, and we ought to
keep in mind that many invertebrate hormones are similar or identical in molecular
structure to vertebrate hormones. Further- more, history has shown that when we use
nature’s products for our own purposes, rarely do we under- stand the full
implications of our interference with the environment.

Left unattended, our lawns would quickly be invaded by a variety of native plant

species, eventually giving way to the ecosystem that formerly occupied the site. To
stave off the inexorable processes of succession, herbicides are applied to lawns. Only
recently has it become apparent that herbicides, like fertilizers and insecticides, are
also cycling throughout the environment. Because the data are both scarce and new,
the public health implications of these findings are unclear. Nevertheless, herbicides
are among the suspects for the suddenly high incidence of deformities observed in
amphibians.

Only 5 percent of total yearly herbicide use in the United States is attributable to
homeowners, but this 5 percent amounts to an astounding 33 million pounds.
Herbicides come in a multitude of formulations. Some are selective, killing either
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broad-leaved plants or grasses, but not both; others are nonselective, killing all
vegetation. The most toxic herbicides cause death if ingested by damaging cellular
components; others pre- vent the germination of seeds. Herbicides work by a variety
of means including inhibiting cell division; electron transport systems; or the
synthesis of lipids, chlorophyll, or key enzymes. Because traces of herbicide residues
are being detected in unexpected and unwanted places, including our drinking water,
we might be wise to exercise caution in their application until enough time has passed
for us to understand their cycling in the environment and their potential toxicity.

Another problem with lawns is that they need watering. The United States is a nation
where population increases have combined with increased per capita consumption of
water to generate a water crisis. Since 1950, the rate of public water use (which
excludes agricultural and self-supplied industrial use) grew at more than twice the
rate of our population increase. Water tables are falling, and stream flow is decreasing
in many river basins. For instance, water tables in the Dallas—Fort Worth area have
fallen more than 400 feet in the last 30 years. Some states in the West are now
battling over water rights among themselves and with Mexico, and water shortages
are now also frequent on the typically much wetter East Coast. With lawn watering
accounting for up to 60 percent of urban water use in the West and 30 percent in the
East, it’s not surprising that an increasing number of communities are restricting the
use of water for lawns.

Grass grows from below ground in what is probably an evolutionary adaptation to
grazing animals. We respond by using mechanized grazers—lawnmowers— to keep
the grass at a uniformly short height. This, among other reasons, is why lawns are
solidly linked to environmental issues that surround fossil fuel consumption,
including smog, acid rain, oil spills, destruction of the ozone layer, and global
warming. The most obvious use of fossil fuels for lawn management is in running the
fleet of mechanized equipment, including mowers, aerators, leaf blowers, weed
whackers, and edgers. A staggering 580 million gallons of fuel is consumed annually

just by gasoline-powered mowers alone.

Fossil fuels are also employed to manufacture and transport inorganic fertilizers and
pesticides. The principal nutrients in lawn fertilizers are nitrogen, phosphorus, and
potassium. Natural gas is a reagent in the production of ammonia, the most common
source of nitrogen in inorganic fertilizers. Furthermore, industrial nitrogen fixation
requires a great deal of heat and pressure, which are supplied by energy from fossil
fuels. Fossil fuels are also used to mine and refine potassium and phosphorus. The bag
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of fertilizer you might buy in Virginia may have originated, in part, in Peru, Utah, and
Saudi Arabia. Still more fossil fuel is required to power the ships, trains, trucks, and
cars to move these products from their source to the lawn. The same is true for
pesticides. Thus, calculation of the environmental costs of these products involves not
only their direct chemical effects but also their hidden costs, such as consumption of
fossil fuels.

Types of native grasses compared to Kentucky Blue Grass
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When we think of managed ecosystems, we typically envision agricultural fields or
forest plantations, yet the American lawn is the most expensive and management-
intensive of all ecosystems. The endless nature of our lawn maintenance cycle is
clearly evident: water and nutrients promote growth; herbicides lessen competition
from weeds; rapid growth requires frequent mowing; pesticides inhibit not only grass
predators but also organisms that decompose clippings; to achieve the desired
appearance, clippings are removed; the removal of clippings requires fertilizers to
replace nutrients, which promotes growth, etc. Changes are underway, with
landscapers attempting to incorporate more native species of grasses and other
herbaceous vegetation adapted to the local environmental conditions and requiring
less maintenance. It is now be- coming fashionable to create meadows and mixed-

plant gardens that will attract wildlife in place of unbroken expanses of lawn (Figure

2). Research is ongoing to find nontoxic pesticides that do not easily cycle through the
environment. Growing concerns about environmental pollution, energy conservation,
and scarcity of water are leading to restrictions on water use, engine emissions, and
pesticide applications. Although the weekend ritual of firing up the lawn mower to
once again do battle with the forces of nature is likely to continue for some
generations to come, the pressure is on to reduce, if not altogether abandon, the
crusade for the perfect lawn.

DEFORESTATION PROBLEMS

Forests cover large portions of the world. They produce oxygen and provide homes for
people and wildlife, including some of the most threatened and endangered animals. Over
1.6 billion people rely on forest benefits,

including food, water, clothing,

traditional medicine, and shelter. Yet,

many of these forests worldwide are

under threat from deforestation.

Deforestation, or the removal of
forests, can be caused by a variety of
factors. Fires, clear-cutting for
agriculture, ranching and development,
unsustainable logging, and degradation
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due to climate change can all lead to the loss of forests. It has been estimated that we are
losing about 18.7 million acres of forests annually.

Deforestation can have substantial impacts on the environment. It can lead to the increased
greenhouse gas emissions. Forests can act as carbon sinks when left intact, but they act as
carbon sources when they are cut, burned, or otherwise removed. In Sumatra, for example,
deep peatlands are being cleared, drained, and converted into pulp plantations. This action
is contributing to global greenhouse gas emissions. Additionally, Water cycles can be
disrupted by the removal of forests. Trees play a key role in the water cycle, helping balance
water between land and the atmosphere. Deforestation can also lead to increased soil
erosion as tree roots play an important role anchoring fertile soil. Finally, deforestation
disrupts the lives of both humans and other animals. Millions of people depend on the
forests, using it for hunting, gathering, and medicine. But deforestation impacts all of these
peoples. Further, animals count on these areas as key habitat, providing them with space,
food, and water.

LOSS OF BIODIVERSITY

Plant communities provide food, help purify water, generate oxygen, and supply raw
materials (building, clothing, paper, etc.), yet these communities are under threat from
development, invasive species, climate change, and other factors.

Endangered Species

Various factors, including human activities and climatic changes, have led to the reduction
and alteration in plant populations. In response, governments and public groups have
groups which encourage and commission studies on rare and endangered plants or plants of
unknown status. The International Union for Conservation of Nature (IUCN) tries to
monitor and report on both plant and animal populations worldwide. The IUCN Red List of
Threatened Species is a world-renowned database of information collected over the last four
decades. The IUCN Red List assesses both plants and animals and provides taxonomic,
conservation status, and distribution information. The IUCN Red List sorts each species
into one of the following categories:

Extinct — a species or taxon is extinct when there is no reasonable doubt that the last
individual of this group has died. Exhaustive surveys of known and expected habitat during
appropriate times will have failed to record the presence of this species.
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Extinct in the Wild - a species is considered to be extinct in the wild when they are only
known to survive in cultivation (e.g. farming), in captivity (e.g. zoo), or as a naturalized
population well outside their past range. As with extinct animals, exhaustive surveys of
known and expected historical habitat during appropriate times will have failed to record
the presence of this species.

Critically Endangered — a species is considered to be critically endangered when all
evidence indicates that its population has either: (a) been seen to be reduced by 90% or
more in last 10 years or three generations, (b) its geographic range has been reduced to less
than 100 km? and severely fragmented or less than 10 km?, (c) population less than 250
mature individuals and continuing to decline, (d) population size of less than 50 individuals,
or (e) quantitative modeling suggests the probability of extinction at least 50% in the next
10 years. It is considered to be facing an extremely high risk of extinction in the wild.

Endangered — a species is endangered when the evidence indicates that its population has
either: (a) been seen to be reduced by 70% or more in last 10 years or three generations, (b)
its geographic range has been reduced to less than 5000 km2 and severely fragmented or less
than 500 km?2, (c) population less than 2500 mature individuals and continuing to decline,
(d) population size of less than 250 individuals, or (e) quantitative modeling suggests the
probability of extinction at least 20% in the next 10 years. It is considered to be facing a very
high risk of extinction in the wild.

Vulnerable - a species is considered vulnerable when its population meets any of the
following criteria: (a) been seen to be reduced by 50% or more in last 10 years or three
generations, (b) its geographic range has been reduced to less than 20 000 km? and severely
fragmented or less than 2000 km2, (c) population less than 10 000 mature individuals and
continuing to decline, (d) population size of less than 1000 individuals, or (e) quantitative
modeling suggests the probability of extinction at least 10% in the next 10 years. It is
considered to be facing a high risk of extinction in the wild.

Near Threatened - a species that is near threatened is
close to meeting the criteria for critically endangered,
endangered or vulnerable in the near future.

Least Concern - a species is least concern when it does
not meet any criteria to qualify for critically endangered,
endangered, vulnerable, or near threatened. Species that
are widespread or abundant are included in this

Western Prairie Fringed-Orchid
category.
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Canada has a national Species At Risk Act, the purpose of which is “to prevent wildlife
species in Canada from disappearing, to provide for the recovery of wildlife species that are
extirpated (no longer exist in the wild in Canada), endangered, or threatened as a result of
human activity, and to manage species of special concern to prevent them from becoming
endangered or threatened.” Examples of Manitoba plant species listed under this act include
Rough Agalinis (Endangered) and Western Spiderwort (Threatened).

In Manitoba, we currently have eight endangered plant species. They are protected under
The Endangered Species and Ecosystems Act. Under the act:

It is unlawful to kill, injure, possess, disturb or interfere with the species;

Destroy, disturb or interfere with the habitat of the species;

Damage, destroy, obstruct or remove a natural resource on which the species
depends for its life and propagation;

Endangered or threatened ecosystems are protected.

The endangered Manitoba plant species listed under The Endangered Species and Ecosystems Act
are: Gastony'’s Cliffbrake, Gattinger's Agalinis, Great

Plains Ladies'-Tresses, Rough Agalinis, Smooth

Goosefoot, Small White Lady's-slipper, Western

Ironweed, and Western Prairie Fringed-orchid

Gastony’s Cliffbrake - Gastony’s Cliftbrake is listed as
Endangered under Manitoba’s Endangered Species and
Ecosystems Act. In Manitoba, this fern species only
grows on limestone rock cliffs and ledges in the Fisher

Gastony’s Cliffbrake is an

Branch and Grand Rapids areas. endangered fern species in Manitoba

© C. Hamel/Nature Conservancy of Canada

CLIMATE CHANGE

Climate change, or the alteration and lasting change of the distribution of weather patterns
over period of time, is something that the earth is now facing. Of all the ways in which
human activity affects the distribution and abundance of wildlife on our planet, none is as
pervasive and powerful as climate change. All species have a capability to adapt — at least to
some degree — to natural stresses. Changes to climate and habitat have been occurring for
eons, and with them have come changes to the diversity of species on earth. What makes
current climate change unique is that, with the exception of cataclysmic events such as
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meteor strikes, the rate at which it is taking place is leaving species and ecosystems no time
to adapt.

The direct impacts of human caused climate change have now been documented on every
continent, in every ocean, and in most major taxonomic groups. The increase in storms and
unpredictable weather patterns is also expected with climate change. These extreme weather
events can devastate plant populations as well as their habitat. This puts already vulnerable
species further at risk of extinction.

There have been a variety of predictions made about the impacts of climate change on plant

communities:

- If species are unable to change distribution fast enough, they may be ‘left behind’
and die off

- Species with long life cycles or slow dispersal rates are especially vulnerable

- Species that are isolated or found in specific separated areas are vulnerable as they
may have nowhere to go. Communities include:
e Arctic and alpine species
e Island species
o Costal species found between human development and rising sea levels
- Some plant communities may be lost as species move and adapt at different rates

- Increase invasive species invasions may occur, as the conditions of an area may
become more suitable for the invasive species compared the native species.

- Many plant communities currently act as ‘sinks’ and store carbon. This helps offset
carbon emissions. However, the effects of climate change on these plants may
mean that they may become more of a source of carbon instead of a sink in years to

come.

Estimate shifts in plant communities in a mountain region

due to temperature increases expected with climate change
© 2014 R.G. Bailey/Springer Science
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It has been estimated that plants with thicker leaves, efficient water-use strategies, deeper
roots and higher wood density are better adapted to cope with future climate change.

SKILLS AND METHODS IN PLANT
SCIENCE

VEGETATION CHARACTERISTICS

Vegetation structure and flower composition are often measured as a plant community. A
few specific measures are taken:

Stratification — the arrangement of plants in layers
Cover — as a percentage, the surface area of the sample plant covered in plants

Phytomass — the mass of plants, expressed as a dry mass (g/m2 or kg/m2) or productivity
(g/m2 or kg/m? per year)

Leaf area index (LAI) - the projected area of leaves over a unit of land (m2? m~2), so one
unit of LAI is equivalent to 10 000 m? of leaf area per hectare

Species composition — a list of the species that can be found within a defined area (e.g., a
meter squared, an acre, etc.)

Species abundance — the amount or quantity of specific species that can be found within a
defined area (e.g., a meter squared, an acre, etc.)

PATHOGENS AND DISEASE MANAGEMENT

Pathogens are a natural part of any ecosystem. Species within the environment have evolved
alongside parasites and pathogens. Parasites induce specific reactions and changes in the
immunity, physiology, and host behaviour. The hosts, or plants, use these changes to
counteract the parasite attack. The actions of parasites on populations help select for
individuals with increased resistance to this parasite’s invasion. Parasites also keep evolving
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alongside their hosts. However, the movement of plant material around the world has
increased the movement of invasive or non-native pathogens into naive forest ecosystems.

Plant pathogens can affect the whole plant, causing defoliation, root decay and stem cankers
that reduce the distribution of nutrients. Pathogens can include fungi, bacteria, viruses, as
well as animals such as invertebrates. Over 80-85% of the diseases of plants are caused by
fungi.

Some species of fungi can attack living rather than dead organisms and as such are the most
important cause of plant diseases. More than 5000

species of fungi attack agricultural crops, garden plants,

trees, and many wild plants.

The same qualities that make fungi pests on plants can
also make them valuable. For example, certain yeasts can
produce ethanol and carbon dioxide and play an
important role in baking, brewing, and winemaking.

Further, certain antibiotics, including penicillin, is Late blight on potato leaf

produced by fungi. © Howard F. Schwartz/Colorado State

Some species of fungi can attack living rather than dead
organisms and as such are the most important cause of plant diseases. More than 5000
species of fungi attack agricultural crops, garden plants, trees, and many wild plants.

The same qualities that make fungi pests on plants can
also make them valuable. For example, certain yeasts can
produce ethanol and carbon dioxide and play an
important role in baking, brewing, and winemaking.
Further, certain antibiotics, including penicillin, is
produced by fungi.

Additionally, many species of invertebrates can directly
Late blight on tomato stem

impact the health of a tree. Some invertebrates may  Scot Nl
cot Nelson

defoliate trees or bore into them while going through

one of the stages of their life cycle. Wood boring insects

are those that bore into the wood during the larval stage. Invasive wood boring insects are
often moved through the transportation of wood products into new areas, in addition to the
natural movement of the species.
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The spread of invasive tree pests or pathogens is of great concern to the forestry industry, as
well as citizens, first nations, and anyone who is concerned about the health and well-being
of our forests. Canadian and worldwide communities depend on healthy forests. The rise in
invasive pathogens in our forested areas can have impacts on biodiversity, ecosystem health,
human health, natural resource industries, and international trade.

The spread of Emerald Ash Borer (EAB) occurred at a much quicker rate than expected in
the eastern part of North America because of the movement of firewood. Since its accidental
introduction from Asia, this invasive pest has killed untold millions of ash trees in forest,
riparian, and urban settings. The larval stage (grub) of EAB can stay in the wood and exits
upon arrival to a new area. The challenge with wood boring insects is that they grow within
the tree and can be difficult to detect until they have already created damage and potential
tree mortality. Unchecked, EAB could functionally extirpate ash with devastating economic
and ecological impacts.

Foliage feeding insects eat the leaves of trees, and multiple years of defoliation can cause
tree mortality. These insects have a native range in which they can move, however humans
speed up the movement of these species by transporting a life stage of that insect. For
example, the Gypsy Moth can be introduced to new forests through the movement of the
larval stage of the insect (the caterpillar) by a car, boat or other means to a new ecosystem.
The larva or caterpillar of the Gypsy Moth is the damaging stage as it consumes the leaves of
trees. They can consume tremendous amounts of leaf material in a short period of time (as
much as one square foot of leaves per day). When populations reach outbreak proportions,
the caterpillars can completely defoliate host trees over a wide geographic area. Consistent
or repeated defoliation over several years can have devastating effects, often leading to tree
stress and death.

Galls — Galls are a swelling growth that can be found on the external tissues of plants (see
below). Plant galls are a response by plants to an alien substance in their tissues, such as
fungi, bacteria, insects, or mites. For example, a parasitic egg of an insect can cause the
plants cells to transform into a gall.
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FORESTRY

Forestry Management

Manitoba’s vision of environmentally sound and sustainable economic growth and forestry
is governed by the following principles and guidelines (these guidelines have equal status to
the principles).

Conservation — Maintain essential ecological processes, biological diversity and life-support
systems of our environment; harvest renewable resources on a sustained-yield basis; and
make wise and efficient use of our renewable and non- renewable resources.

Enhancement — Enhance the long-term productive capability, quality and capacity of our
natural ecosystems.

Global Responsibility — This principle requires that we think globally when we act locally.
There is a need to work cooperatively within Canada, and internationally, to accelerate the
merger of environment and economics in decision making and to develop comprehensive
and equitable solutions to problems.

Integration of Environmental and Economic Decisions — Ensure that economic decisions
adequately reflect environmental impacts including that on human health. Environmental
initiatives shall adequately take into account economic consequences.

Prevention — Anticipate, prevent or mitigate significant adverse environmental (including
human health) and economic impacts of policy, programs and decisions.

Recycling — Reduce, reuse and recover the products of our society.

Rehabilitation and Reclamation — Rehabilitation and reclamation require repairing
damage caused in the past. Future policies, programs and developments should take into
consideration the need for rehabilitation and reclamation.

Scientific and Technological Innovation - To research, develop, test and implement
technologies essential to further environmental quality including human health and
economic growth.

Shared Responsibility — Acknowledge responsibility for sustaining the environment and
the economy, with each being accountable for decisions and actions, in a spirit of
partnership and open cooperation.
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Stewardship — Stewardship requires the recognition that we are caretakers of the
environment and the economy for the benefit of present and future generations of
Manitobans. A balance must be struck between today’s decisions and tomorrow’s impacts.

Forest Ecosystem Based Management

Forest Ecosystem Based Management is the process of developing management principles
and implementing actions (measures for that forest ecosystem that will preserve and ensure
its stability and sustainability). The greater the biodiversity of a forest ecosystem the more
stable it is and vice versa. (An ecosystem is a self-sustaining and independent interaction of
abiotic and biotic factors in a community where these interactions occur.)

We are all part of natural ecosystems, and any study or management of those ecosystems
must take us into account. In spite of our culturally constructed economic and social
systems, they still depend on and are very much involved in the natural cycles of
ecosystems.

In order to develop an ecosystem approach, they must take an ecosystem point of view,
which means a total systems approach and includes many things omitted in a less
comprehensive view, i.e. no longer a single-purpose approach to the environment
(harvesting trees without regard for wildlife, water, etc.). An ecosystem approach requires
we take into account the relationship between artificial and natural environments and
people.

In any given forest area, the forest manager has available not one but many different
harvesting practices that can be adapted to the site, i.e. the kind of forest, its location, the
site conditions, the species composition, and management objectives. Today, timber harvests
have to be planned around the timber, the structure and function of the forest ecosystem,
the wildlife it holds, and esthetics. Based on social demands, the forest manager can adapt
or modify the harvest, as the situation requires.

Forestry Measuring Techniques
Forests are measured for a variety of reasons:
* Forest growth, stand development and health monitoring

* Site productivity measurements
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* Permanent sample plots (PSP) using repeated measurements
on same trees over time allow growth calculations,

e Calculated volume for harvest (TSP, PHS)

* Calculation of forest regeneration status and survival (Regen
and FTG)

* Dendrochronology — Tree-Ring databases, long-term climate
studies, biotic and abiotic factors

e Standardized measurements using easy to use and carry equipment often with
mathematical basis incorporated — ie Pythagoras, or using easy to calculate
constants, ie milhectares

Diameter Measurements (Tapes, Calipers, Rulers):

Technique for Diameter Tape:
* Use side of tape which reads: CIRC. TO DIA. t mm

* Wrap tape around tree, at standard height above ground (1.3 meters =
Breast Height)

* ensure it is horizontal and no obstructions on stem like branches, etc are
affecting it

¢ Pull tight, read number below 0, this is the diameter, from above
example = 4.3 cm (Note: Tape is graduated into tenths of centimeters)
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Height Measurements (Clinometers):

Technique for Suunto (most common clinometer)
* Measure distance to tree (this example will use the 20 (left-most) scale)

* Suunto is unit-dependent. That means the height measurement will be
in feet if you use feet to measure from target tree or meters if you use
meters from tree.

* Look through eye piece, ensure you are holding so you can read
numbers (neck cord hanging down). To choose appropriate scale (look straight up
(make sure your are oriented to not look directly into the sun, the scale will be
visible at the bottom of the list of numbers)

e Align horizontal black bar with top of tree, record reading. Align horizontal bar
with bottom of tree, (remember to use the same scale as before), record reading.

* If your eye level is above the base of the tree as shown, add the two numbers
together.

From above example,

Top = 9, bottom reading = -2

Total Height = 9 + 2 = 11 feet or meters
(depending on distance)

* Repeat the above measurements, and find the mean (average) of the results
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AGRICULTURE

Agriculture is the cultivation of land and breeding of animals and plants to provide food,
and other products, like fibre and medicinal plants, to sustain and enhance human life.

Sustainable agriculture

Many benefits have come with modern farming practices, including power, water and
communication utilities in rural households, the ability of most citizens to pursue leisure
activities and general prosperity in both rural and urban segments of society. Advances in
agriculture have also reduced many health risks to farm workers as well as production and
economic risks by lowering the frequency of crop failures. Current levels of wealth
generation, economic productivity and overall societal progress would not be possible
without the use of inputs such as fertilizers and pesticides. However, there have also been
significant costs. Prominent among these are topsoil depletion, groundwater contamination,
the decline of family farms, continued neglect of the living and working conditions for farm
laborers, increasing costs of production, and the disintegration of economic and social
conditions in rural communities.

The consequences of food and fiber production affect the viability of future generations.
There is evidence that ancient civilizations declined in significant part because farming
practices degraded their natural resource base. Without a sufficient supply of water and
healthy soil, agricultural productivity declines. Without adequate water quality, health of
crops, livestock, humans and wildlife is jeopardized. Without native plant and animal
diversity, ecosystems are less able to support human activity. Ongoing dependence of
agriculture on non-renewable energy sources is probably not sustainable for either
agriculture or society as a whole. It is critical to increase the sustainability of agricultural
systems while the natural resource base is still viable.

The three pillars of sustainable agriculture

The core principle of sustainable development in general is to meet the needs of the present
without compromising the needs of future generations. Sustainable agriculture, as a part of
sustainable development, rests on three pillars: the economy, the environment and society.
Sustainable agriculture is economically sustainable — it earns a profit for those whose
livelihood depends on it. It is environmentally sustainable — it ensures that the natural
environment will continue to support life and human activity. And it is socially sustainable —
it provides a good quality of life for farmers, ranchers, farm workers and their communities.
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HORTICULTURE

Horticulture is the science of the production, marketing, and use of high-value, intensively
cultivated plants. These crops include annual and perennial plants, edible, and ornamental
plants. Horticulturalists are play a part in the development and production of a safe and
secure food supply.

Horticulture combines modern and traditional technologies for the sustainable and
profitable production and marketing of specialty crops. Horticulturalists are as diverse as
the crops that make up the industry and the discipline. They include a wide array of
individuals and groups who farm, landscape, garden, research, advise and enjoy the bounty
of horticultural plants for their nourishment, health benefits and aesthetics.
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