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Introduction

The textbook Principles of Plant Science: Environmental Factors and Technology

in Growing Plants provides a unique plant science text that emphasizes understanding the

role of the environment in plant growth and development instead of the more traditional

focus topics of analyzing the industries and surveying important crops.  By emphasizing

the scientific principles associated with the biological effects that the various

environmental factors have on plant development, it is envisioned that the reader would

be better equipped to understand current and emerging technologies that modify the

environment to improve plant production.

The instructor’s manual to Principles of Plant Science: Environmental Factors

and Technology in Growing Plants  is designed to facilitate the use of the text in plant

science (or horticulture) courses that would be taken before a student enrolls in the

various advanced plant production courses such as agronomy, crop science, vegetable

crops, small fruits, pomology, and floriculture.  The material may also be utilized for

plant growth and development or applied introductory plant physiology courses taught at

universities, junior colleges, or community colleges.  To assist the instructor, the manual

is divided according to the chapters in the textbook.  Each chapter in the manual is then

divided into five sections:  chapter outline, important concepts, important terminology to

define and understand, answers to end of chapter questions, and additional questions.

The “chapter outline” section provides a brief overview of the chapter.  The

“important concepts” section presents major points or issues within the chapter, and the

“important terminology” section is a listing of terms used in the chapter that may need

further defining or explaining (the definition to many of these terms may be found in the
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glossary section at the end of the textbook).  The “answers to the end of the chapter”

section provides responses to the odd numbered questions at the end of the textbook

chapter, and the “additional questions” section is a listing of supplementary questions that

could be used for further discussion or testing.
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CHAPTER 1.  INTRODUCTION TO THE PLANT SCIENCES

Chapter outline

I.  Plants in Society
II. Plants in Industries
III. Plants in Science

Important Concepts

Early humans undoubtedly observed that plants were greatly affected by the
environment.  It envisioned that seasonal cropping cycles, serendipitous successful
plantings, beneficial uses of certain plants were noted by these early ancestors and
passed on to future generations.

Agriculturalists have long known the importance of the environment on plant growth
and early farmers were some of the first to manipulate or modify the growing
environment to provide a more conducive environment for plant growth.

As growing plants (and animals) became more specialized and agriculture continued to
evolved, the understanding of the role of the environment in successful food and fiber
production became more of a science.  Botany, or the study of plants, developed as
science and investigations on the taxonomy, anatomy, morphology, physiology, and
ecology of plants were institutionalized as fields of advanced study at institutions of
higher learning.

The areas of plant study that placed major emphasis on the use of plants by humans
or as agricultural products (or crops) became known as the plant sciences. The plant
sciences evolved to specialized crop commodity fields such as agronomy, horticulture,
and forestry, and specialized cross commodity fields such as plant pathology,
entomology, integrated pest management.

Important terminology to define and understand

plant science botany agronomy
horticulture integrative pest management forestry
cropping cycles growing environment taxonomy
morphology physiology ecology

Answers to end of chapter questions

1.  Beneficial uses plants were noted by the early ancestors and passed on to future
generations as paintings, drawings, and written and oral stories.

3.  Plant science is a specialized area of study of botany that emphasizes the use of
plants in agricultural applications.
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Additional questions

1.  What are some of the different ways that the plant sciences can be divided?

2.  What does the success of most agricultural businesses depend upon?

3.  What role did the land grant universities have on the developing field of the plant
sciences?
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CHAPTER 2.  PLANTS AND SOCIETY

Chapter outline
I. History of Agriculture
II. The First Cultivated Plants
III. Development of Agricultural Crops
IV. Timeline for Domestication of Important Crops
V. Contemporary Crop Improvement Programs

Important Concepts

About 10,000 years ago, man changed from primarily gathering food to producing
food.  Eventually, through cultivation of plants and domestication of animals,
humans were able to produce sufficient food to free them from the constant search
for their next meal and humans began to live together in towns and villages.

Since many of the earliest uses of agricultural plants were medicinal, herbals are some
of the earliest and most important plant science manuals.

A plant’s center of origin is the geographical area where a species is believed to have
evolved through natural selection from its ancestors.  This is also the plant’s center
of diversity where a pool of genes exists for use by plant breeders in crop
improvement programs.

During the development of agriculture and plant domestication some plants were
domesticated earlier or easier than others were.

Early plant gatherers applied self-serving criteria to decide which plants to gather.  Of
utmost importance was size.  As a result of continually choosing the largest fruit of
the wild plants through the years, many of the crops that under went domestication
have bigger fruits than their wild ancestors had.  An another criterion used by plant
gatherers was taste.  Many wild seeds are bitter tasting, yet their fruits are sweet and
tasty.

Today’s plant breeding and genetic programs continue to utilize the basic concepts of
genetics and controlled plant crosses. Many of today’s crop improvement programs
also utilize the modern concepts of molecular genetics, tissue culture and genetic
engineering.

Important terminology to define and understand

domestication monasteries herbals
centers of origin artificial selection natural selection
seed dispersal self-pollinated germination
plant breeding genetics plant crosses
mass selection phenotype cross pollination
hybrid genetic engineering tissue culture

Answers to end of chapter questions

1.  Through cultivation of plants and domestication of animals, humans were able to
produce sufficient food to free them from the constant search for their next meal.
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With the development of a dependable food source, humans began to live together
and villages and towns came into existence.

3.  Dispersal may occur by the plants or their seeds being blown about in the wind or
floating in the water.  Some plants are carried by animals by enclosing the seeds
within tasty fruit and advertising the fruit ripeness by color or smell. Other plants
produced fruit that are adapted to being eaten by a particular animal. Many wild
plants have specialized mechanisms that scatter seeds and generally make them
unavailable to humans.

5.  These crops may have been domesticated earlier because they came from wild
ancestors that had many characteristics that were advantageous for the process of
domestication.  Some of these advantages include seeds that were edible in the wild
and could be readily stored, and plants that were easily grown from sowing, grew
quickly, were self-pollinated.  Overall few genetic changes were required of these
crops to go from wild plants to domesticated plants.

Additional questions

1.  What is a plant’s center of origin, and what is the importance of knowing the
center of origin?

2.  What may have been the role of human latrines and garbage dumps of primitive
societies in the domestication of plants?

3.  What is genetic engineering?
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CHAPTER 3.  PLANTS AS INDUSTRIES

Chapter outline
I. Historical Periods of the US and the Development of Plant-

related Agricultural Industries
A.  Colonists and Early Settlers
B.  Post Civil War
C.  Pre-World War II
D.  Post-World War II
E.  Relatively Recent Times

II. US Agriculture and Crop Production
III. Agricultural Segments of Crop Production Industries

A. Cereal or grain crops
B. Forage crops
C. Fiber crops
D. Tobacco
E. Oilseed crops

IV. Horticultural Segments of Crop Production Industries
A. Vegetable crops
B. Commercial Production

1.  Fresh Market
2.  Processing

C. Fruit and nut crops
D. Nursery and greenhouse crops
E. Niche crops
F. Home gardens

Important Concepts

The share of consumer expenditures for food in the U.S. is the lowest in the world
(only approximately 12% of the disposable income for an average consumer).

American Colonists were largely self supporting, growing vegetables for their own use.

The change from hand power to horses characterized the first American agricultural
revolution.

Many products that were developed prior to or during the civil war increased the
productivity of each laborer in harvesting, planting, and cultivating fields. The
increased productivity of farm workers led to surpluses of agricultural products and
thus lower prices.  This affected the livelihood of many farm workers and the supply
of available labor at times exceeded the demands, resulting in unemployment.

Large population centers became largely dependent upon special producers for their
food supply, and as a result, commercial production of crops developed near
population centers.

For much of the early 1900s, American agricultural policy was guided by the
philosophy that society would best be served by traditional family size, owner
operated farms.
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The improvement in technology in food handling systems (including refrigeration)
developed during wartime, and the changing economic structure of American
agriculture, spurred by the highway expansion of the 1950s, all favored those growers
who could supply the market with a large volume over a prolonged period of time.
Small farms were inefficient and many either failed or enlarged to meet new
challenges.

The change from horses to tractors after 1945 and the adoption of a group of
technological practices characterized the second American agricultural revolution.

In the 1980s, targeted marketing replaced mass marketing.  During the 1990s and
early 2000s, more farmers began to use low-input sustainable techniques to decrease
chemical applications.

Total U.S. agricultural output increased at an average annual rate of 1.88% over the
period 1948 to 1999.  In 2002, the total U.S. farm cash receipts for agriculture was in
excess of $217 billion.  Crop cash receipts accounted for in excess of $97.2 billion of
this amount.

With the productivity of U.S. agriculture growing faster than domestic food and fiber
demand, U.S. farmers and agricultural firms rely heavily on export markets to sustain
prices and revenues. Historically, the bulk commodities (such as wheat, rice, coarse
grains, oilseeds, cotton, and tobacco) accounted for most U.S. agricultural exports.
However, in the 1990's, as population and incomes worldwide rose, U.S. exports of
high-value products (i.e. meats, poultry, live animals, meals, oils, fruits, vegetables,
and beverages) expanded steadily in response to demand for more food diversity.

U.S. consumers desire expanded food variety, stabilized year-round supplies of fresh
fruits and vegetables, and tempered increases in food prices.  As a result, U.S. imports
have increased steadily as demand for food diversification has expanded.

Important terminology to define and understand

moldboard plow agricultural revolution family farm
cooperatives no-tillage agriculture targeted marketing
mass marketing sustainable agriculture farm cash receipts
government payments pick-your own operations farmers markets
exports trade imports
cereal or grain crops forage crops fiber crops
tobacco oilseed crops vegetable crops
fresh market processing fruit and nut crops
nursery crops greenhouse crops green industry
niche crops home gardens

Answers to end of chapter questions

1.  This is in no small part due to efficient and progressive agricultural industries that
have developed through the years.  These industries have evolved from the primitive
earliest food production systems developed by the colonists and settlers for survival
to the highly sophisticated systems of today’s producers that supply a wide variety
and relatively consistent supply of food for sale nationally and internationally.
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3.  Manufacturing was making its way into the cities and into agriculture by the
1850s.  The 2-horse straddle row cultivator was patented in 1856.  The change from
hand power to horses characterized the first American agricultural revolution. The
change from horses to tractors after 1945 and the adoption of a group of
technological practices characterized the second American agricultural revolution.

5.  With the productivity of U.S. agriculture growing faster than domestic food and
fiber demand, U.S. farmers and agricultural firms rely heavily on export markets to
sustain prices and revenues.

7.  In terms of economic output, nursery and greenhouse crops (together known as
the green industry) represent the third most important sector in US crop agriculture,
ranking seventh among all commodities in cash receipts, and among the highest in
net farm income.

Additional questions

1.  What are some of the characteristics of American colonists and early settlers as
vegetable producers?

2.  What are the differences between truck farms and market gardens?

3.  How has the export of bulk commodities and high value products changed through
the years?

4.  What is the most widely produced feed grain in the US and how is most of this
crop used?

5.  How has the consumption of fresh vegetables changed?

6.  What are niche markets?
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CHAPTER 4.  THE SCIENCES OF PLANTS

Chapter outline
I. Botany

A.  The “Basic” Botanical Sciences
B.  The “Applied” Botanical Sciences or Plant Sciences

II. Plant Classification Schemes
A.  Botanical
B.  Use
C. Life Cycle
D. Other Classifications

Important Concepts

Botany includes the study of the chemical and physical natures of the materials and
processes of plant cells, organization of cells into tissues and tissues into organs,
history of plant life, and relationship of plants to all phases of their environment.

Botany also includes those aspects of plant study that place major emphasis on
industrial and agricultural applications of plants.

The “applied” botanical sciences or the plant sciences are the aspects of plant study
that place major emphasis on the use of plants by humans.

Placing individual plants into groups or classes with other crops that share some
characteristics reduces the rather large number of crops into a smaller number of
groups and results in logical associations.

The botanical classification scheme is based on similarity or dissimilarity in
morphological structures, often with flower structure as the main criteria of
determining relationships.

Scientific names are accepted worldwide and serve as positive identification, regardless
of language.

Classification by use (sometimes referred to as agronomic classification) provides a
grower or handler with broad plant groupings that imply specific cultural or handling
techniques.

Annual plants complete their life cycle during a single growing season.  Biennial
plants require two seasons to complete their life cycle, and perennial plants grow for
more than two years.

Important terminology to define and understand

botany commodity classification schemes
plant sciences monocotyledons dicotyledons
scientific names climatic requirements annual
biennial perennial
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Answers to end of chapter questions

1.  Botany is the scientific study of plants.

3.  Because of the large number of plants that are considered as agricultural crops, it is
often useful to classify them into groups or classes so as to better understand and
discuss them.

5.  Classification by use (plant part) provides a crop grower or handler with broad
plant groupings that imply specific cultural or handling techniques.

Additional questions

1.  How many plant species are there on the Earth?

2.  What are some examples of the form and function disciplines of the “basic”
botanical sciences?

3.  What are some examples of the growth and development disciplines of the “basic”
botanical sciences?

4.  What are some examples of commodity-based discipline of plant science?

5.  What are some examples of cross-commodity-based discipline of plant science?

6.  List the successive groupings of plants in the botanical classification scheme.

7.  What is the difference between an annual plant and a perennial plant?
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CHAPTER 5.  INTRODUCTION TO PLANT GROWTH AND
DEVELOPMENT

Chapter outline
I.  Plant Organs

A. Stems
B. Leaves
C. Flowers
D. Roots

II. Plant Growth
A.  Stem growth
B.  Leaf growth
C. Flower growth
D. Root growth
E. Determinate versus indeterminate growth
F. Measurement of growth

III. Development
A.  Seedling phase
B.  Juvenile phase
C. Reproductive phase
D. Senescence phase

Important Concepts

The aerial section of the plant body consists mainly of a shoot or shoots.  Stems,
leaves, buds, and sometimes reproductive structures collectively form the shoot.  The
rhizosphere section of the plant body consists primarily of roots.

A primary function of the stem is to distribute the leaves in space so that the leaves
can intercept sunlight for photosynthesis.  Stems can also store food and provide for
the movement of water and nutrients to and from the leaves.

Leaves are appendages of the stem that have the primary purpose of carrying on
photosynthesis.

Flowers provide plants with the necessary apparatus to carry on sexual reproduction.

Most roots function to anchor plants and to absorb water and nutrients from the soil.
In some cases they also serve as food storage reservoirs.

Plant growth can be considered as an irreversible increase in mass (weight) or size
(volume) of the plant due to the division and enlargement of cells.

Some plants or plant parts exhibit determinate growth in that they attain a certain
size, stop growing, and then die.  Other plants or plant parts exhibit indeterminate
growth and continue to be active for many of years.

The principle methods of measurement of plant growth involve determining either
increases in volume (size) or weight (mass).  Volume increases are often
approximated by measuring expansion, such as length, height, width, diameter, or
area.  Weight increases can be determined by harvesting the entire plant or that plant
part of interest and weighing it rapidly before too much water evaporates from it.

Differentiation occurs as various cells mature, become larger, and assume different
forms adapted to specific functions such as conduction, support, or secretion of
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special substances.  The term development is applied to the organized and systematic
formation of plant organs from differentiated cells.

Important terminology to define and understand

aerial rhizosphere stems
nodes internodes stolons
rhizomes leaves flowers
roots fibrous roots taproots
growth meristems apices
vascular cambium perfect flowers imperfect flowers
anthesis parthenocarpic root hair
root cap determinate indeterminate
fresh weight dry weight differentiation
development reproduction

Answers to end of chapter questions

1.  Growth is an increase in mass or size, while development is the organized and
systematic formation of plant organs from differentiated cells.

3.  Plant growth is most rapid during the seedling phase.

Additional questions

1.  What are the two generalized sections of the plant?

2.  What is the primary function of a stem?

3.  Where does growth generally occur in the plant?

4.  How can parthenocarpic fruit develop?

5.  How does determinate growth differ from indeterminate growth?

6.  Why is dry weight and not fresh weight an often preferred measurement for plant
growth?
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CHAPTER 6.  AN OVERVIEW OF PHOTOSYNTHESIS AND
RESPIRATION

Chapter outline
I. Photosynthesis

A.  Overview
B.  Major Stages of Photosynthesis

1. Light reactions
2. CO2 fixation reaction

II. Respiration
A.  Overview
B. Major Phases of Respiration

1. Breakdown of storage forms of carbohydrates
2. Glycolysis
3. The Krebs cycle
4. Electron transport chain

III. Fermentation Metabolism

Important Concepts

Since photosynthesis is the only process of biological importance that can absorb and
chemically store energy from the sun, and respiration is the only process whereby
energy stored by photosynthesis as carbohydrates is released in a controlled manner,
the influence of the various environmental factors on these two processes is a major
determining factor on how well a plant will grow and produce in a particular
environmental location.

The overall process of photosynthesis involves the reduction (addition of electrons
to the molecule) of CO2 to form carbohydrates and the oxidation (removal of
electrons from the molecule) of H2O with the release of O2

Chloroplasts are the primary organelles in which photosynthesis occurs.

Photosynthesis occurs primarily using the pigments of chlorophyll a and chlorophyll
b that are mainly in the thylakoids.

Photosynthesis occurs in two major stages or sets of reactions referred to as the light
reactions and the CO2 fixation reactions (often previously referred to as the dark
reactions).  The light reactions of photosynthesis occur in or on the thylakoid
membranes and are light requiring.  These reactions trap light energy and cleave water
molecules into hydrogen and oxygen and serve as electron and proton transfer
reactions. The CO2 fixation reactions of photosynthesis occur in the stroma and are
non-light-requiring.  Electrons and hydrogen atoms are added to CO2 during these
reactions resulting in the formation of sugar.

The 3-carbon (C3) pathway, the 4-carbon (C4) pathway, and the Crassulacean acid
metabolism (CAM) pathway are three known mechanisms through which CO2 is
converted to carbohydrates during the CO2 fixation reactions.

All active cells respire continuously, often absorbing O2 and releasing CO2 in nearly
equal volumes.

The process of aerobic cellular respiration occurs in four phases: breakdown of
storage forms of carbohydrates into glucose, glycolysis, the Krebs cycle (also called
the tricarboxylic acid cycle or citric acid cycle), and the electron transport chain.
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Plants metabolize pyruvate in the absence of O2 by undergoing some form of
fermentation metabolism.  In alcohol fermentation, pyruvate is broken down
producing ethanol and CO2 and NADH in the process.  In lactic acid fermentation,
NADH is used during the reduction of pyruvate to lactate.

Important terminology to define and understand

photosynthesis biosphere reduction
oxidation chloroplasts thylakoid
stroma grana chlorophyll
action spectrum absorption spectra photosystems
light reactions z scheme photolysis
electron transport chain C3 pathway C4 pathway
CAM metabolism respiration glycolysis
Krebs cycle fermentation

Answers to end of chapter questions

1.  The overall process of photosynthesis involves the reduction (addition of
electrons to the molecule) of CO2 to form carbohydrates and the oxidation (removal
of electrons from the molecule) of H2O with the release of O2. For each mole of
carbon fixed there is a required input of energy from sunlight of at least 4.8 x 105 J.

3.  While having similar chemical structures, chlorophyll a is bluish green in color,
while chlorophyll b is yellowish green.  The content of chlorophyll a in green plants
is two to three times that of chlorophyll b.  When a molecule of chlorophyll b
absorbs light it transfers the energy to a molecule of chlorophyll a.  Consequently,
chlorophyll b makes it possible for photosynthesis to occur over a broader spectrum
of light than would be possible with only chlorophyll a.

5.  Photolysis is the manganese dependent process of splitting water (forming a
molecule of oxygen and four protons) during the early stages of photosynthesis.

7.  There are two types of photosynthetic units (photosystems) present in most
chloroplasts.  These are designated as photosystem I and photosystem II.  These two
photosystems connected by an electron carrier chain are commonly referred to as the
“z scheme” of photosynthesis.  The photosystems are packed into thylakoids and
contain pigments, proteins, other compounds, and different ions (including
manganese, iron, calcium, and chlorine).  Their function is to transfer electrons
excited by the absorption of light energy down a chain of associated molecules in the
thylakoid membrane called an electron transport chain.  This results in the uptake of
hydrogen ions from the stroma into the lumen (or interior) of the thylakoid
membrane, and eventually the creation of ATP (through photophosphorylation) and
the reduction of NADP to NADPH.
Photolysis is the manganese dependent process of splitting water (forming a molecule
of oxygen and four protons) during the early stages of photosynthesis.  When a
photon of light strikes a P680 molecule of photosystem II, an electron is excited to a
higher energy level.  This excited electron is picked up by a pheophytin a (Pha) and
is then passed to two plastoquinome acceptors, PQA and PQB.  Electrons extracted
from a water molecule replace the electrons lost by the P680 molecules.
During photophosphorylation, ATP molecules are formed from ADP and phosphate
(using ATP synthase) as electrons are passed along the electron transport system
through series of oxidation-reduction reactions.  When a photon of light is absorbed
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by a P700 molecule in photosystem I, an electron is excited and is transferred to a
primary acceptor molecule (probably a chlorophyll) and then onto an iron-sulfur
acceptor molecules (Fx, Fa, and Fb).  The electron is then transferred to an iron-
sulfur acceptor molecule, ferredoxin (Fd), which in turn releases it to NADP+, which
is reduced to NADPH.  The ATP that is produced as a result is called noncyclic
photophosphorylation.

9.  Stomata are open in CAM plants during the night to allow diffusion of CO2 into
the plant (stomata are generally only open during the day light for C3 plants).
Stomata of CAM plants close during the day thereby preventing H2O loss and further
uptake of CO2.  The malate diffuses out of the vacuole and is converted back to CO2

for use in the Calvin-Benson cycle.  A much larger amount of CO2 can be converted
to carbohydrate each day under conditions of both limited water supply and high light
intensity with CAM plants than otherwise would be possible with non-CAM plants.

11. Many of the CAM plants are succulents that grow in regions of high light
intensity and dry conditions.

13. The process of aerobic cellular respiration occurs in four phases: breakdown of
storage forms of carbohydrates into glucose, glycolysis, the Krebs cycle (also called
the tricarboxylic acid cycle or citric acid cycle), and the electron transport chain.

Additional questions

1.  Why is the influence of various environmental factors on photosynthesis and
respiration so important to plants?

2.  What are the general equations for photosynthesis and respiration?

3.  How does CO2 enter the plant and be used in photosynthesis?
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CHAPTER 7.  PLANT HORMONES

Chapter outline
I. Definitions
II. General Mechanisms of Action
III. Classes of Plant Hormones

A. Auxins
B. Gibberllins
C. Cytokinins
D. Abscisic acid
E. Ethylene
F. Other compounds exhibiting plant hormone

characteristics
IV. Practical Uses of Growth Regulators in the Plant sciences

A. Rooting
B. Height control
C. Herbicides
D. Branchiing and shoot growth
E. Flowering
F. Fruiting
G. Ripening
H. Fruit abscission
I. Enhance postharvest life

Important Concepts

Plant hormones are important in the integration of plant development and the
response of plants to the external physical environment.

A plant hormone is an organic substance other than a nutrient that is active in very
small amounts (< 1mM and often <1 µM), formed in certain parts of plants, and
usually (though not always) translocated to another part of the plant where it evokes
specific biochemical, physiological, and/or morphological responses.

A plant growth regulator is an organic compound that in small amounts (< 1 mM)
promotes, inhibits, or qualitatively modifies growth and development.

The mechanisms by which hormones regulate gene expression are poorly understood.
Steroid hormones appear to pass through the plasma membrane into the cytoplasm
where they bind with a receptor molecule to form a hormone-receptor complex.

Auxins are involved in numerous aspects of plant growth and development including
flower initiation, sex determination, growth rate, fruit growth and ripening, rooting,
aging, dormancy, and apical dominance.

Gibberellins are compounds that stimulate cell division and/or cell elongation.

Cytokinins are involved in cell enlargement, tissue differentiation, chloroplast
development, cotyledon growth, delay of leaf aging, and in many of the growth
processes also regulated by auxins and gibberellins.

Abscisic acid (ABA) is a sesquiterpenoid (15-carbon) compound that inhibits plant
growth, often counteracting the growth-promoting effects of auxins and gibberellins.
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The many physiological effects attributed to ethylene include stimulation of ripening
of fleshy fruits, stimulation of leaf abscission, inhibition of root growth, stimulation
of adventitious root formation, inhibition of lateral bud development, epinasty of
leaves, flower fading, flower initiation in bromeliads, and root geotropic responses.

Brassinosteroids appear to be widely distributed in the plant kingdom, with some of
their effects on plant growth and development including enhanced resistance to
chilling, disease, herbicides, and salt stress; increased crop yields, stem elongation, and
seed germination; decreased fruit abortion and drop in apples; inhibition of root
growth and development; and promotion of ethylene biosynthesis and epinasty.

Salicylic acid is synthesized from the amino acid phenylalanine and it has numerous
reported effects including thermogenesis (temperature regulated development) in
Arum flowers, enhanced plant pathogen resistance, enhanced longevity of flowers,
and inhibition of ethylene biosynthesis and seed germination.

A number of effects on plant growth and development have been attributed to
jasmonates including inhibition of growth and germination, promotion of senescence,
abscission, tuber formation, fruit ripening, pigment formation, and tendril coiling; and
they appear to have important roles in plant defense by inducing proteinase
synthesis.

Polyamines have a wide range of effects on plants and appear to be essential in
growth and cell division.

Important terminology to define and understand

plant hormone plant growth regulator mechanism of action
auxins gibberellins cytokinins
abscisic acid ethylene brasinosteriods
salicylates jasmonates polyamines
rooting height control herbicide
branching shoot growth flowering
fruiting chemical thinning ripening
abscission fruit maturation postharvest
senescence

Answers to end of chapter questions

1.  A plant hormone is an organic substance other than a nutrient that is active in
very small amounts (< 1mM and often <1 µM), formed in certain parts of plants, and
usually (though not always) translocated to another part of the plant where it evokes
specific biochemical, physiological, and/or morphological responses.

3.  Auxins were the first plant hormones to be discovered.

5.  Abscisic acid inhibits plant growth, often counteracting the growth-promoting
effects of auxins and gibberellins.

7.  Salicylic acid has numerous reported effects including thermogenesis (temperature
regulated development) in Arum flowers, enhanced plant pathogen resistance,
enhanced longevity of flowers, and inhibition of ethylene biosynthesis and seed
germination.
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Additional questions

1.  How are plant hormones important to the life of a plant?

2.  What are two mechanisms of action for plant hormones?

3.  Which plant growth regulators are used to enhance rooting?

4.  What are the benfits of using plant growth retardants?

5.  What are herbicides?

6.  What are some benefits of flower removal?
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CHAPTER 8.  SOME ECOLOGICAL PRINCIPLES IN PLANT GROWTH
AND PRODUCTION

Chapter outline
I. Important Ecological Concepts

A.  Organism groupings
B.  Significant interactions among organisms

II. Farms as Ecosystems

Important Concepts

Ecology can be considered as the study of organisms “at home” or in their
environment.

The environment is the summation of all biotic and abiotic factors that surround and
potentially influence an organism.

In the study of ecology, organisms are usually placed into groupings.

Plant species are influenced by interactions with other organisms (including other
plants) that may modify the genetic potential of each species (its physiological
optimum and range) to yield the observed plant growth and development and
ecological community.  These interactions can be beneficial or harmful or show no
effect on the interacting organisms.

Farms are human-managed ecosystems generally designed to produce as much
harvestable and/or marketable biomass (yield) as environmental conditions will allow.

Important terminology to define and understand

ecology environment specie
population community ecosystem
biome commensalisms mutualism
competition antagonism amensalism
farms human-managed ecosystems natural ecosystem

Answers to end of chapter questions

1.  Farms are human-managed ecosystems generally designed to produce as much
harvestable and/or marketable biomass (yield) as environmental conditions will allow.

3.  Allelopathy, herbivory, and parasitism are types of antagonistic interactions

Additional questions

1.  What does the usefulness of a chosen organism grouping depend upon?

2.  What is a breeding population?

3.  What is an example of allelopathy?
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4.  How do farms differ from natural ecosystems?
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CHAPTER 9.  INTRODUCTION TO THE ROLE OF THE
ENVIRONMENT IN PLANT GROWTH AND DEVELOPMENT

Chapter outline
I.  Environment
II.  Weather and Climate
III. Plant Stress
IV. Reasons to Study how the Environment affects Plant Growth
V. Methods for Studying how the Environment affects Plant

Growth and Development

Important Concepts

Through the years and successive generations, each plant has evolved to prefer
certain environmental parameters for optimum plant growth.  To attain the highest
potential yield a crop must be grown in an environment that meets these parameters.
A crop is generally considered well matched with its climate or growing conditions if
it can be grown with minimal environmental adjustments.

The components of the environment can be divided into abiotic (physical) and biotic
(biological) factors.

Weather is the composite of the temperature, rainfall, light intensity and duration,
wind direction and velocity, and relative humidity of a specific location for a set
amount of time.  It is the immediate day-to-day, local combination of the various
environmental factors.

Climate, sometimes called macroclimate, is the weather pattern for a particular
location over several years.

The microclimate is the little weather variations that exist in a location or field.

The term “stress” in biological sciences is often used for any environmental
condition that is potentially unfavorable to living organisms for normal growth and
development.

In natural ecosystems, knowledge on plant responses to the environment can be used
to better understand why plants evolved in certain areas with unique environmental
charactersitics.

The effects of the various environmental factors on horticultural crop growth can be
studied either in the field under natural or cultivated conditions, or in the controlled
environments of the lab, growth chambers, or greenhouses.

Important terminology to define and understand

field capacity incipient wilting permanent wilting point
xylem pressure evaporative cooling tensiometer
gypsum blocks overhead irrigation surface irrigation
subsurface irrigation hardpans

Answers to end of chapter questions
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1.  To attain the highest potential yield a crop must be grown in an environment that
meets these parameters.

3.  When stressed, plants may show a physical response (e.g. bending of a stem) or a
chemical response (e.g. shift in metabolism). Stress resistance is the ability of the
plant to survive the unfavorable factor and even to grow in its presence.

5.  The effects of the various environmental factors on horticultural crop growth can
be studied either in the field under natural or cultivated conditions, or in the
controlled environments of the lab, growth chambers, or greenhouses. The field
method provides typical amounts of environmental components such as light and
certain soil characteristics that are present in many agricultural systems, and thus is
more typical of the conditions the plant normally experiences. There are certain
techniques and environmental factors that are relatively difficult to work with under
field conditions and are best evaluated in controlled environment conditions. Lab,
growth chamber, or greenhouse research often emphasizes the control of the
environment.

Additional questions

1.  What does the growth and development of plants depend upon?

2.  What are some examples of abiotic and biotic factors?

3.  What is the USDA’s plant hardiness map based upon?
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CHAPTER 10.  OVERVIEW OF THE AERIAL ENVIRONMENT

Chapter outline
I.  The Ecosphere and the Aerial Environment
II.  Irradiance and Temperature
III.  The Earth’s Atmosphere
IV.  Above-ground Living Organisms

Important Concepts

The aerial environment is that portion of the ecosphere that exists predominantly
above the soil surface in relative proximity to the growing plant and which has the
potential to affect the physiology and growth of the plant.

The ecosphere or biosphere is a shell around the earth in which life exists.

Radiation is electromagnetic energy, which can be described or quantified as waves
(often as wavelength) or discrete packets (often as quanta or photon energy).  A
portion of radiation is in the visible wavelengths and is often referred to as light.

Important to plant growth are the wavelengths between 400 to 700 nm (often
referred to as photosynthetically active radiation, PAR) that drive the carbohydrate-
producing reactions of photosynthesis and the wavelengths of red, far-red, and blue
that affect the plant development reactions of photomorphogenesis.

Temperature measures the average kinetic energy of molecules.

The earth’s atmosphere surrounds all terrestrial organisms even to the roots of plants
and organisms in the soil.

The aboveground living organisms of the aerial environment include plants, animals,
and pathogens that interact with the plant above the soil surface.  These interactions
may be beneficial to plants (such as from pollinators for subsequent fruiting) or
harmful (such as from diseases and insects) and influence whether the crop can be
successfully produced and marketed.

Important terminology to define and understand

aerial environment ecosphere biosphere
closed system atmosphere hydrosphere
lithosphere radiation energy
air pollution gravity autotrophs
heterotrophs macroconsumers microconsumers

Answers to end of chapter questions

1.  The ecosphere or biosphere is a shell around the earth in which life exists.  This is
a thin layer of air, water, and soil on or near the earth’s surface having an
approximate thickness of only 12 to 20 km.

3.  Important to plant growth are the wavelengths between 400 to 700 nm (often
referred to as photosynthetically active radiation, PAR) that drive the carbohydrate-
producing reactions of photosynthesis and the wavelengths of red, far-red, and blue
that affect the plant development reactions of photomorphogenesis.
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5.  Autotrophs and heterotrophs are two broad categories that living organisms can be
divided into based on how they derive their nourishment.  Autotrophs or autotrophic
organisms, often called producers and are predominantly plants, capture light energy
and use simple inorganic substances (mineral nutrients) through the process of
photosynthesis to develop carbohydrates and other complex substances.  The
heterotrophs or heterotrophic organisms acquire their nourishment from others
though digestion and/or decomposition, and the resulting rearrangement of complex
materials.

Additional questions

1.  What environmental factors make up the aerial environment?

2.   Define “closed system.”

3.  What is the estimated surface temperature of the sun, and how was it estmiated?
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CHAPTER 11.  IRRADIANCE

Chapter outline
I.  Background Information

A.  Characteristics of sunlight
B.  Photochemical reactions
C.  Variations in the light environment
D.  Radiation measurements and instrumentation

II.  Effects on Plants
A.  Seed germination
B.  Uptake of radiation by plants
C. Ultraviolet radiation
D. Plant uses of radiant energy
E. Distribution of light in plant canopies

III. Agricultural Technologies that Affect Light
A. Plant density
B. Weeds
C. Row orientation
D. Supplemental lighting
E. Filtering light
F. Practical uses of shade
G. Planting considerations in the shade
H. Pruning and training
I. Reflective plastic mulches

Important Concepts

Irradiance, often called light or visible radiation (the terms are often used
interchangeably), is energy from the visible and neighboring wavelengths portion of
the electromagnetic spectrum and is defined as the radiant flux density on a given
surface.

Modern physics assumes that the electromagnetic spectrum has both wave and
particle characteristics.  Usually the propagation of energy is referred to in wave
terms (such as wavelength, frequency, and wave number), while its absorption is often
referred to in particle terms (such as quanta).

The ozone layer in the stratosphere (the atmospheric zone extending variably from
12 to 50 km above the earth’s surface) absorbs a proportion of the ultraviolet
radiation while water vapor, carbon dioxide, and oxygen in the troposphere (the
atmospheric zone from the earth’s surface to the lower level of the stratosphere
where weather occurs) absorb the wavelengths of 1100 to 3200 nm.

The scientific community became concerned in the early 1970s that
chlorofluorocarbons (CFCs) used by industrial nations in the production of a variety
of commercial products (e.g., refrigerants, aerosol sprays) could potentially reduce
levels of the ozone layer

The term “visible light” is generally used to describe a relatively small region of the
continuous electromagnetic spectrum to which the average light-adapted human eye
is sensitive. In biological science, the term "light" is generally used to describe a wider
region of the radiant energy spectrum whose wavelengths possess sufficient energy to
alter the outer electronic energy levels of atoms, but not to ionize those atoms.
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The ability of irradiance to affect biological organisms (such as plants) is a result of
its effect on photochemical reactions.

The light environment can vary as a result of geographical location (latitude and
physiography) and seasonal effects (daylength and intensity).

The daily rotation of the earth and the orbit of the earth around the sun cause the
solar zenith angle (the angle between the sun and the earth’s surface) to be
continually changing at any single position on the earth. The maximum solar zenith
angle for a location and day is dependent on the latitude on the earth and the position
of the earth in its orbit around the sun.

The atmosphere is only semitransparent to solar radiation due to the reflectance and
absorption by the gases and suspended particles in the atmosphere.

Due to the tilt of the earth’s axis (approximately 23.5°) and its travel around the sun,
the length of the light period (also called photoperiod or daylength) varies according
to the time of the year and latitude

Light can stimulate or inhibit seed germination of some species. The light promotion
of seed germination is typically a red light/far red light reversible phenomenon,
implying the involvement of phytochrome.

Plants can either reflect, absorb, or transmit solar radiation and the relative amounts
will depend on the wavelength of the radiation, leaf structure, and leaf orientation.

Plants monitor the environment using specialized pigments that intercept and
capture radiant energy and also perceive changes in the quality, quantity, duration,
and direction of the light. Light energy is transformed through the process of
photosynthesis into chemical energy for production of carbon metabolites. Plants
may adjust their growth through the process of photomorphogenesis to a form/shape
or growth rate that might impart an ecological advantage over other plants or
organisms.

The arrangement of leaves can contribute to determining the amount of interception
of solar radiation by plants and the overall photosynthetic efficiency of a crop
canopy. The quantity of leaves of a crop is often expressed as the leaf area index
(LAI).

Sunlight is considered as white light and is composed of all the colors of the visible
portion of the electromagnetic spectrum.   Color refers to the relative distribution of
wavelengths from a radiation or reflective source.

In a plant canopy there is an overlapped or stacked arrangement of photosynthetic
leaves and the amount of photosynthetically active radiation received by a specific
leaf usually depends on its location in the canopy and its leaf angle to incoming
sunlight.

The amount of light received by plants is affected by the plant population density (or
spacing between neighboring plants).

Weeds often are detrimental to the growth of the desired crop in a weed-crop
interaction in that they may compete and utilize resources, such as light, that could
have used by the crop.
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Often crops in east-west rows utilize light more efficiently than those planted in
north-south rows due to the travel of the sun in the sky from east to west.

Shading is important in many plant production operations to reduce light and
temperature and to lower moisture requirements.

Pruning, the judicious removal of plant parts, is a means of reducing competition
between the parts of a single plant or among neighboring plants. Training is
orientating or directing plant growth in a distinct way in space.

Important terminology to define and understand

fusion black body solar radiation
terrestrial radiation wavelength frequency
wave number quantum theory ozone layer
ozone hole visible light photochemical
solar zenith angle solstice equinox
photoperiod germination phytochrome
ultraviolet radiation light compensation point C3 plants
C4 plants CAM plants photorespiration
photoinhibition leaf area index crop growth rate
phtomorphogenesis phytochrome photoperiodism
phototropism crop spacing weed
pruning training

Answers to end of chapter questions

1.  The sun’s spectral distribution is equivalent to that of a "black body" with a
surface temperature of 5900° K.

3.  "Wavelength" refers to the length of one "wave" (peak to peak or trough to
trough), while  “frequency" refers to the number of waves passing a plane per second.
Wave number refers to the number of wave crests in one cm length of wave.

5.  It is higher energy light that can cause genetic mutations or cancer.

7.  a.

9.  C3 plants fix carbon from ribulose bisphophate to the 3-carbon acid PGA
(phosphoglycerate) using the enzyme RuBP carboxylase-oxygenase (rubisco).  C4
plants fix CO2 to PEP (phosphenol pyruvate) to yield 4-carbon acids (such as
oxaloacetic acids, malic, and aspartic acid) using the enzyme PEP carboxylase.
C4 plants generally have higher rates of photosynthesis at lower light intensities than
C3 plants. C4 plants carry out both C3 and C4 photosynthesis while C3 plants lack
the C4 pathway.

11.  The light saturation point is the point at above which further increases in light
intensity do not result in an increase in photosynthetic rate. The light compensation
point is the level of light at which photosynthetic uptake of CO2 is equal to the
amount of CO2 released by respiration.

13.  Plants can develop resistance to high light stress by increasing the amount of
light reflected from their leaves.  This can be accomplished by the plant through
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increases in suberin, wax, cuticles, and cell wall materials.  Photodestruction of
chlorophyll can be reduced by increasing the content of carotenoids or xanthophylls.
Heliotropism (or the movement of leaves in response to the moving  direction of
sunlight during the day) can reduce or increase the amount of light intercepted by a
leaf depending on the leaf’s orientation.

15.  Most crops have some optimum population for yield of their economically
important part and selecting the right population to produce the size of the
marketable plant part typically required for a specific market is important.

17.  Neutral density filters transmit only a certain percentage of incident radiation
proportional to the percentage of open areas. Color filters transmit only certain
wavelength bands.

19.  At high solar zenith angles, such as local noon (the maximum solar angle for that
location, time and day), the sunlight passes through relatively little atmosphere,
minimizing scattering of light by the atmosphere and any effects of pollution, haze,
or water vapor.  At low solar-zenith angles for the day (such as after dawn or near
dusk), atmospheric scattering is increased, decreasing the amount of shorter
wavelength light (blue) in incident sunlight.

21.  Chloroplasts may also change their location within the cells of the leaves to
regulate the amount of light that is absorbed.

23.  The quantity of leaves of a crop is often expressed as the leaf area index (LAI).
LAI provides information on the structure of the plant canopy by determining the
amount of land surface area covered by green foliage.

25.  Crops in east-west rows utilize light more efficiently than those planted in north-
south rows due to the travel of the sun in the sky from east to west.  This occurs
because the plants in the north-south rows shade each other more than plants in the
east-west rows.
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CHAPTER 12.  TEMPERATURE

Chapter outline
I.  Background Information

A.  Radiation and heat
B.  Temperature changes with altitude, seasons and latitude,
and time of the day
C.  Effect of temperatures on physical and chemical
processes
E. Frost types
F. Weather conditions causing frosts
G. Frost versus freeze
H. The freezing process
I. Length of the growing season
J. Topographic factors that affect frosts and freezes
K. Wind chill

II.  Effects on Plants
A.  Effects of temperature on biochemical processes
B. Cardinal temperatures
C. Potential differences between air and plants surface

temperatures
D. Temperature effects on photosynthesis and respiration
E. Membranes
F. Chilling injury
G. Freezing injury
H. Vernalization
I. Crop-specific responses to cold conditions
J. High temperature
K. Temperature acclimation or hardening

III. Agricultural Technologies that Affect Temperature
A. Frost protection
B. Methods of alleviating excessive heat
C. Influence of vegetation cover on surface temperatures
D. Use of plants for energy conservation around homes and

buildings
E. Harvesting according to accumulated heat units
F. Commodity cooling to extend postharvest life
G. Harvest procedures to reduce temperature stress
H. Cooling procedures after harvest

Important Concepts

Temperature is the measure of the average kinetic energy of molecules.

Radiation, energy in the form of either electromagnetic waves or discrete packets
(quanta) travels at the speed of light (3 x 108 m s-1) in a vacuum and slightly slower in
the atmosphere.

Air temperature generally decreases with increasing altitude or height above sea level.

Seasonal effects on temperature and light are influenced by latitude.  When one
moves poleward from the equator (increases in latitude), temperatures decline, total
solar radiation decreases, and summer photoperiod increases.  The further from the
equator toward the poles the greater the seasonal variation.
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Maximum day temperatures usually occur in the early afternoon, after maximum
incoming radiation has occurred.

The average growing season for a location is measured as the number of days between
the average date of last spring frost and the first fall frost.

Large bodies of water serve as heat reservoirs (hold heat longer than surrounding air
and land areas) in fall and heat sinks (take longer to heat than surrounding air and
land areas) in spring.

Very low lands in a valley that often experiences reduced temperatures are often
referred to as “frost pockets”.

The term used to describe the effect of temperature on a chemical reaction process is
the temperature coefficient or Q10.

There are three general cardinal temperatures for plants: minimum, optimum, and
maximum.

When the environment is warm and windy with low humidity, the leaf temperatures
tend to be lower than the air temperature. Cool and sunny conditions with high
humidity and little air movement often result in leaf temperatures higher than air
temperatures.

In general, as temperature increases over a specific range, the rate of photosynthesis
increases if other factors are not limiting.  The increase is linear at lower
temperatures but the rate starts to decrease at higher temperatures.

During freezing and chilling injury there appears to be a critical temperature below
which injury to cellular membranes occurs.

Freezing injury occurs when ice forms within the cells and organs of the plant at
temperatures slightly below 0°C and disrupts the structure of the protoplasm.

Winter desiccation injury of plants occurs when the absorption of water by the roots
can not keep up with the amount of moisture lost through the foliage by
transpiration.

Vernalization is the induced or accelerated (premature) flowering that occurs in
certain plants due to exposure to low temperatures.

Excessive fluidity of membrane lipids at high temperatures is correlated with loss of
physiological function.  Elevated temperatures can result in increased plant
respiration rates and decreased photosynthetic rates.

Temperature acclimation or hardening is the development of tolerance to injury
from either low or high temperatures.

There are four general strategies that can be used to protect plants from frost.  These
include escape by selectively choosing planting dates and growing location; reduction
of heat loss with the use of row covers, high tunnels, cold frames (season extenders);
addition of heat with the use various heaters and heating systems; and the application
of chemicals.
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Proper use of trees, shrubs, vines and man-made structures can modify the climate
around a home dwelling to reduce heat gains in the summer and heat losses in winter

For some crops, the time required to reach a harvestable stage may be expressed in
terms of temperature-time values called heat units.

Important terminology to define and understand

kinetic energy temperature potential energy
radiation sensible heat conduction
seasons solstice white frost
black frost growing season heat island
wind chill temperature coefficient cardinal temperatures
poikilotherms respiration membranes
membrane hypothesis chilling supercooling
dessication vernalization bolting
sunscald winter burn heat stress
hardening hardiness zones season extender
shade green roof heat units

Answers to end of chapter questions

1.  White or hoar frost is the type most commonly observed in humid climates and
results from a thin coating of ice crystals deposited directly on surfaces.  In the
formation of white frost, the liquid stage between vapor and solid is very quick and
seemingly non-existent.  The surface temperature where frost forms is always 0°C or
less than below the dew point temperature (a non-frozen water deposit on a surface is
called dew).  Black frost is usually confined to dry climates. When the dew point is
several degrees below 0°C, the water or cell sap in the living vegetation may freeze
before sublimation takes place on the surfaces.  Then when the temperature increases,
the vegetation blackens, thus the term black frost.

3.  Very low lands in a valley that often experiences reduced temperatures are often
referred to as “frost pockets”.

5.  Frost cracking occurs when the bark and underlying cambium, usually on the south
or southwest side of the tree, heat up on cold, bright days. When the sun sets or is
blocked by a cloud, the bark and cambium quickly return to air temperature, which
can cause physical and physiological damage.  The bark and the wood underneath
contract at different rates as they cool, causing the wood to split.

7.  There are three general cardinal temperatures for plants: minimum, optimum, and
maximum.

9.   e, c, a, b, d

11.  Extending the growing season can be accomplished by planting the field early in
the spring (before the recommended planting date for the region) with the use of
protective structures such as row covers (low tunnels) or high tunnels.  Earlier
production can also be accomplished with the use of plastic mulches, which can
hasten crop maturity.  Later production in the fall is possible with the use of
protective structures, such as row covers, that are placed on top of the crop when
lower outdoor temperatures prevail.
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13. For some crops, the time required to reach a harvestable stage may be expressed
in terms of temperature-time values called heat units.  Heat units are calculated in
relation to time above a certain minimum.

15.  As latitude and altitude increase, temperature generally decreases.  Summer in the
US generally has the warmest temperatures and maximum day temperatures usually
occur in the early afternoon.  In general, a southern or southeastern slope dries and
warms earlier in the spring than a northern exposure.
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CHAPTER 13.  ATMOSPHERIC GASES

Chapter outline
I.  Background Information

A. Evolution of the Earth’s Atmosphere
B. Some Basic Properties of Gases
C. Common Atmospheric Gases
D. The Vertical Structure of the Atmosphere
E. The Greenhouse Effect

II.  Effects on Plants
A. Stomata
B. Photosynthesis
C. Transpiration
D. Wilting
E. Diseases and insects

III. Agricultural Technologies that Affect Gases
A. Spacing and crowding
B. CO2 enrichment in the greenhouse
C. Antitranspirants
D. Modified atmosphere storage of fruits and vegetables
E. Air pollution

Important Concepts

Ninety five percent of the earth’s atmosphere and all of its life is concentrated in a
layer only 11 to 20 km thick surrounding the earth’s crust.

Dry air is a mixture of nitrogen (78% by volume), oxygen (21%), argon (0.93%),
carbon dioxide (0.03%), and other minor constituents (0.04%).  Moist air is mixture
of these gases and water vapor.

A gas is defined as that form of matter that expands without limit to fill the available
space of a container.

The physical and thermodynamic properties of moist air can be expressed as
humidity, relative humidity, dry bulb and wet bulb temperatures, and dew point
temperature.  Humidity is a generic term for the amount of water vapor in air.  The
most commonly used terms for describing moist air are relative humidity and dew
point temperature.

The atmospheric components are the troposphere, stratosphere, and mesosphere, as
well as the ozone layer.

There has been a slight but gradual trend in global warming since about 1880 in both
the northern and southern hemispheres.  This warming has been attributed to an
increase of selected atmospheric gases, commonly referred to as greenhouses gases.

The aperture of stomata is also affected by the CO2 concentration in the air and air
movement.

Plant response to CO2 differs according to whether they are C3 plants, which utilize
the 3-carbon pathway for converting CO2 to carbohydrates, or if the are C4 plants,
which utilize the 4-carbon pathway.  In general C3 plants (such as sunflower, red
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clover, and maple trees) respond more to CO2 enrichment than C4 plants (such as
maize)

Transpiration is the evaporative loss of water (as vapor) from plants, mostly through
their stomata.

Wilting is the result of a reduction in cell turgor that reduces the rigidity (turgidity) of
the plant.  This occurs often as a result of water stress or other stresses to the plants.

Important terminology to define and understand

gas Boyle’s law ideal gas law
Dalton’s law of partial pressures mole fraction
nitrification evaporation condensation
humidity relative humidity dew point
troposphere stratosphere mesosphere
trace gases global warming greenhouse effect
stomata boundary layer transpiration
wilting permanent wilting incipient wilting
antitranspirants modified atmosphere controlled atmosphere

Answers to end of chapter questions

1.  Dry air is a mixture of nitrogen (78% by volume), oxygen (21%), argon (0.93%),
carbon dioxide (0.03%), and other minor constituents (0.04%).  Moist air is mixture
of these gases and water vapor.

3.  Relative humidity is the amount of water present in the air as a percentage of
what could be held at saturation (100% relative humidity) at the same temperature
and pressure.  Dew point temperature is the temperature at which air reaches water
vapor saturation, condensation begins, and dew forms.  Incipient wilting occurs when
plants wilt under weather conditions favoring rapid transpiration, even when soil
moisture is at field capacity.  Permanent wilting point occurs when water uptake
ceases and plant tissue and cells are damaged.

5.  The primary function of modifying gases is to reduce respiration and plant
ethylene (C

2
H

4
) production.

7.  Most of the gases in the atmosphere probably were created in the first few 100
million years of the earth’s life.  It is believed that the earth’s early atmosphere did
not contain any free oxygen and that all water probably existed as water vapor.
After about 500 million years, the earth is suspected to have cooled sufficiently so
that some of the water vapor condensed to a liquid.  The oceans were subsequently
formed and large amounts of CO2 dissolved into it, substantially lowering the
atmospheric CO2 concentration.  The relatively simpler forms of life coupled with
changes in environmental factors of the ecosphere altered the atmosphere to the
present condition.  It is speculated that living organisms appeared on the earth about
3.5 million years ago.  The photosynthetic blue-green algae were probably the first
organisms to exist and they removed additional CO2 from the atmosphere and
released O2.  As a consequence of increased atmospheric O2, the ozone layer was
formed.  The current atmospheric composition probably was attained before the
appearance of highly complex life forms.



34

Additional questions

1.  Describe some of the transformation of nitrogen during the nitrogen cycle.

2.  Under what conditions will dew form?

3.  Explain the greenhouse effect.

4.  What affect does antitranspirants have on plants?
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CHAPTER 14.  AIR POLLUTANTS

Chapter outline
I.  Background Information

A. Sources of air pollutants
B. Common air pollutants
C. Trace gases
D. Variables that can affect the various air pollutants
E. Sources of air pollutants
F. Effects of topography on dispersion of air pollutants

II.  Effects on Plants
A. Symptoms
B. Factors influencing air pollution injury to plants
C. Types of crop losses due to air pollutants
D. Photosynthesis and dry matter production

III. Agricultural Technologies that Affect Air Pollution
A. Bioindicator plants for air pollutants

Important Concepts

Air pollution is defined as gaseous or particulate substances released into the
atmosphere in sufficient quantities or concentrations to cause injury to plants,
animals, or humans.

The Clean Air Act requires U.S. Environmental Protection Agency (EPA) to set
National Ambient Air Quality Standards (NAAQS) for six common air pollutants:
ozone, lead, carbon monoxide, sulfur dioxide, nitrogen dioxide, and respirable
particulate matter.

Ozone is formed in the air by the action of sunlight on hydrocarbons and oxides of
nitrogen.  Hydrocarbons and nitrogen oxides usually arise during incomplete
combustion of natural gas, gasoline, oil, and other fuels.

Sulfur dioxide was one of the first man-induced pollutants shown to cause economic
damage to plants.

The two most prevalent oxides of carbon are carbon monoxide and carbon dioxide.

The sources of air pollutants can be categorized into four groups: industrial, urban,
mobile, and rural.

Topography can interact with meteorological variables to affect the dispersion of air
pollutants.

The diagnosis of suspected air pollution injury to plants is based on whether there is a
pollution source nearby capable of causing injury, the characteristics of the terrain or
location, the symptoms, the part of the plant that is affected, the distribution of
affected plants, the presence or absence of biological agents, the number of plants
affected, and the crop history of the affected area, and as a result diagnosis is often
difficult.

Factors that govern the extent of damage as a result of air pollution are type and
concentration of pollutants, distance from the source, length of exposure, and
meteorological conditions.
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Air pollutants (especially ozone and SO2) can adversely affect photosynthesis and
plant dry matter production by changing stomatal physiology, chloroplast structure,
CO2 fixation, and photosynthetic electron transport systems.

Bioindicators can demonstrate the presence of air pollutants and help estimate the
frequency of damaging levels of air pollution and the aerial distribution of air
pollution with respect to time and geographic areas.

Important terminology to define and understand

natural sources anthropogenic sources smog
NAAQS nonattainment oxidants
Ozone PAN sulfur dioxide
fossil fuels global warming trace gases
CFC flecks stipples
direct losses indirect losses bioindicators

Answers to end of chapter questions

1.  Air pollution is defined as gaseous or particulate substances released into the
atmosphere in sufficient quantities or concentrations to cause injury to plants,
animals, or humans.

3.  The natural source of ozone is formed in the upper atmosphere by the action of
sunlight on oxygen.  It is also formed by electrical discharges during thunderstorms,
though this source of ozone does not contribute significantly to an air pollution
problem.  Ozone resulting from human activities is the principal cause of plant injury.
Ozone is formed in the air by the action of sunlight on hydrocarbons and oxides of
nitrogen.

5.  Factors that govern the extent of damage as a result of air pollution are type and
concentration of pollutants, distance from the source, length of exposure, and
meteorological conditions.

7.  The most common symptoms due to ozone on leaves are small flecks or stipples.
Ozone usually attacks nearly mature leaves first, then to younger and older leaves.
Young plants are generally the most sensitive to ozone, while mature plants are
relatively resistant.  Ozone also stunts plant growth and depresses flowering and bud
formation.   Affected leaves of certain plants commonly wither and drop early.

9.  Damage caused by air pollution is usually most severe during warm, clear, still,
humid weather when barometric pressure is high.  Pollutants accumulate near the
earth’s surface during an air inversion when cooler air is trapped at ground level.

11. The Clean Air Act requires U.S. Environmental Protection Agency (EPA) to set
National Ambient Air Quality Standards (NAAQS) for six common air pollutants:
ozone, lead, carbon monoxide, sulfur dioxide, nitrogen dioxide, and respirable
particulate matter.  The NAAQS were established to protect the public from exposure
to harmful amounts of pollutants.  When the pollutant levels in an area are in
violation of a particular standard, the area is classified as "nonattainment" for that
pollutant.  The EPA then imposes federal regulations on pollutant emissions and
designates a time period after which the pollutant levels must fall below these
standards.
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Additional questions

1.  Discuss the history of air pollution.

2.  Why do photooxidants exhibit a diurnal pattern of concentration?

3.  What affect does carbon monoxide have on human health?

4.  What are some of the sources of CFCs?

5.  Why is diagnosing air pollution injury to plants so difficult?
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CHAPTER 15.  MECHANICAL DISTURBANCES

Chapter outline
I.  Background Information

A. Physical mechanical disturbance
B. Biological mechanical disturbance

II.  Effects on Plants
A. Release of stress ethylene by plants
B. Physical mechanical disturbances

1. Gravitropsim
2. Thigmomorphogenesis
3. Wind
4. Hurricanes
5. Hail
6. Glazing and snow damage
7. Fire and lightning
8. Sound and ultrasound

C. Biological mechanical disturbances
1. Insects
2. Diseases
3. Nematodes
4. Animals

III. Agricultural Technologies that Affect Mechanical
Disturbances
A. Physical mechanical disturbances

1. Windbreaks
2. Pruning
3. Training
4. Staking
5. Wounding and rooting
6. Mechanical conditioning of transplants
7. Prescribed fires and controlled burning
8. Deterring animal injury

B. Biological mechanical disturbances
1. Using pesticides to reduce or eliminate pests
2. Integrated pest management
3. General control measures for insects and diseases
4. 

C. Special Considerations of Mechanical Disturbances of
the Rhizosphere

1. Root pruning
2. Root girdling
3. Soil compaction
4. Grade changes

Important Concepts

Mechanical disturbances to plants occur as consequences of environmental conditions
that influence the movement of plant parts such as from gravity, wind, and rain.
Mechanical disturbances can also occur as consequences of biological interactions
between a plant and other organisms (such as diseases, insects, and other herbivores)
or between competing plants.
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Physical mechanical disturbances to plants occur when some type of physical pressure
is placed on the plant.  Physical pressure generally is measured as the amount of force
applied per unit area.

Physical mechanical disturbances can be the result of symmetrical and asymmetrical
pressures exerted on the plant.  Symmetrical pressure exerted on plants is a pressure
that is the same in intensity regardless of direction..

Biological mechanical disturbances to plants include adverse influences from humans
and other organisms (insects, diseases, and animals).  Biological disturbances differ
from physical disturbances in that the plant may be able to erect barriers between
itself and the source of the stress.  Biological mechanical disturbances are generally
measured in loss of healthy plant tissue

Stress ethylene refers to the increased ethylene levels in and around the plant
resulting from a stress or stresses.

Gravitropism (geotropism) refers to the growth movements of plants towards
(positive) or away from (negative) the earth’s gravitational pull.

Thigmomorphogenesis is the response of the plant to contact stresses with solid
surfaces (such as from rubbing or touching the plant).  Seismomorphogensis is the
response of the plant to vibration (often imposed by shaking).

Very windy places are likely to be populated by short-growing plants. This may be due
to seismic or vibrational stress plant growth responses induced by the wind.

Plant growth and development is a function of the amount of photosynthetically
active leaf leaf area so that loss of leaf area from feeding of other organisms reduces
plant growth.  Photosynthetic rate can be severely reduced as a result of animal
grazing or by pathogen damage.  Plants can compensate for loss of leaf area by
increasing the rate of photosynthesis in surviving leaves, or altering the morphology
of new growth.

Windbreaks are used to reduce the effects of winds on plant development.  Reduction
in wind speed reduces evaporation from the leaf surface.  Also, increases in air
temperatures and humidity and altered CO2 levels can occur on the leeward side with
the use of windbreaks.

Pruning is the judicious removal or reduction of certain plant parts that are not
required, that are no longer effective, or that are of no use to the plant.  It is done to
redirect energy (carbohydrates) for the development of flowers, fruits, and limbs or
shoots (shrubs) that remain on the plant.

Training of plants is a method of orientating the plant growth in a distinct way in
space.

Mechanical conditioning of plants is the deliberate physical stressing of plants applied
to manage plant growth and increase quality.

Wildfires are unplanned and usually occur due to lightning, human neglect, or malice.
Wildfires often arise during extended dry periods when soil moisture is low and plants
are severely stressed.  Prescribed fires are planned and conducted at the proper time
and in a safe manner to meet specific objectives
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Integrated pest management (IPM) is an approach to pest control that utilizes regular
monitoring of pest populations to determine if and when treatments are needed.  IPM
employs physical, mechanical, cultural, and biological tactics to keep pest numbers
low enough to prevent intolerable damage or annoyance.

Root pruning is often practiced with container-grown annual and herbaceous
perennial plants and small shrubs to encourage new root formation and discourage
root circling.  This is accomplished by cutting the root ball with vertical superficial
cuts when the plants are transplanted.

Root girdling occurs when a plant root entwines around another large root or the base
of the plant and prevents or hinders water and nutrient up the root.

Soil compaction is the packing effect of a mechanical force or gravity and time on a
soil.

Important terminology to define and understand

physical disturbance biological disturbance symmetrical pressure
asymmetrical pressure stress ethylene gravitropism
statocyte thigmomorphogenesis seismomorphogenesis
krummholtz hurricanes hail
glazing fire lightning
insects diseases nematodes
windbreaks pruning topiarty
bonsai training espalier
staking trellis conditioning
prescribed fire pesticides IPM
root pruning root girdling soil compaction

Answers to end of chapter questions

1.  Very windy places are likely to be populated by short-growing plants.  Winds also
increase plant transpiration rate, and wind stress often results in more and smaller
stomata per unit area of leaves.  Elasticity (the ability to bend without damage) of
leaves and plant respiration rate may also increase due to winds.  For example, a 20
to 40% increase in respiration can occur when plants are exposed to winds as slight as
7.2 m/sec.  Severe physical damage to plants can occur if winds reach 32 to 40 km/h.
Lesser winds can result in blowing soil particles that can adversely affect plant growth
through abrasion of leaves and stem tissue.

3.  Fires also assist some tree species reproduce.  Jack pine, for example, has
serotinious cones, which won’t open and release their seeds until they are exposed to
a heat source such as fire.  Fire assists in the germination of other seeds by killing
competitive vegetation and removing dry litter on the soil surface to expose moist
mineral soil.

5.  In most agricultural systems, the seeds are planted in random orientation in the
field and germination is below the soil surface.  In order to survive, a germinating seed
must direct the growth of its shoot upward toward a light source for photosynthesis to
occur before the stored food reserves within the seed cotyledons or elsewhere are
depleted.  Roots typically grow downward into the soil to absorb water and nutrients
and to anchor the developing plant. The ability of a plant to orientate its growth is
often in response to the earth’s gravitational pull.
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7.  Plants may discourage animal feeding injury by various methods including
developing physical barriers, and having toxins within their plant tissue.  Also, most
plants have a low protein content and as a result might not be as appealing as other
higher protein sources.

9.  The xylem sap is a dilute solution of mineral salts and small amount of amino
acids (due to nitrate reductase activity in the roots) and is usually under tension.  The
phloem contains more nutritious solution, with sucrose as its compound of greatest
concentration and is usually under pressure.

11. Plants may have some type of statocyst-like sense organ used for gravity sensing
similar to those observed in animals.  It has been suggested that statocysts in plants
are the entire cells and there are a number of statocytes in each organ.  Each
statocyte (cell) has within it a number of statoliths that sediment to the lower side in
response to gravity.  These statoliths appear to be starch grains and most statocytes
are cells characterized by the presence of sedimentable starch grains.

Additional questions

1.  How do you generally measure biological disturbances and physical disturbances on
plant growth?

2.  What are four reasons for pruning plants?

3. Shoots generally exhibit ________________ gravitropism.
Choose either “negative” or “positive”.

4.  What are two reasons that a prescribed fire might be used for plant management?

5.  Describe the following:
A. Topiary
B. Bonsai
C. Espalier
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CHAPTER 16.  OVERVIEW OF THE RHIZOSPHERE

Chapter outline
I.  Soil

A. Soil types
B. Soil fertility
C. Organic matter
D. Soil horizons
E. Soil-forming factors

II.  The Water Cycle and the Groundwater System
III. Plant Roots
IV. Soil Organisms and Allelochemicals

Important Concepts

The rhizosphere, often called the plant root zone, is the portion of the soil in the
immediate vicinity of plant roots in which microbial populations and biochemical
reactions are influenced by the presence of the roots.

Soils are heterogeneous materials (containing solid, liquid, and gaseous phases)
composed of abiotic (non-living) and biotic (living) components.

Soils are classified or typed according to their texture or makeup.

The soil is the main source of nutrients for plants. Excessive amounts of nutrients
can cause toxicity and insufficient or deficient amounts can cause poor or abnormal
growth.

The environment and the material from which the soil is derived determine the type
of soil that is formed and the horizons that develop in a soil.

Water cycles throughout the ecosphere and is renewed frequently.

Roots generally anchor the plant in the soil by forming an extensive branching
network that constitutes about a third of the total dry weight of some plants. Roots
also function in water and nutrient uptake and the bulk of roots that function for this
purpose are generally confined to the upper meter of soil.

Soil organisms can be either microscopic or macroscopic and their activity in
degrading biomass into organic matter can greatly affect the soil.

Allelochemicals are the compounds produced by plants that may adversely affect
plant growth.

Important terminology to define and understand

rhizosphere plant root zone soil
soil types soil textural triangle soil fertility
organic matter soil horizons water cycle
groundwater roots soil organisms
allelochemicals
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Answers to end of chapter questions

1.  The soil is a living ecosystem made up of a complex of physical, chemical, and
biological substrates where energy and matter are captured and transformed by plants,
animals, and microbes. The rhizosphere, often called the plant root zone, is the
portion of the soil in the immediate vicinity of plant roots in which microbial
populations and biochemical reactions are influenced by the presence of the roots

3.  Coarse-textured soils such as sands and loamy sands have very low moisture
holding capacities (with good drainage and aeration) and drain the quickest.

5.  Roots generally anchor the plant in the soil by forming an extensive branching
network that constitutes about a third of the total dry weight of some plants. Roots
also function in water and nutrient uptake and the bulk of roots that function for this
purpose are generally confined to the upper meter of soil.

Additional questions

1.  How are soils classified?

2.  List the macronutrients.

3.  What are some soil forming factors?
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CHAPTER 17.  WATER

Chapter outline
I.  Background Information

A. Unique properties of water
B. Water potential
C. Forms of atmospheric moisture
D. The supply of water by the soil

II.  Effects on Plants
A. Classification of plants based on water use
B. Water acquisition via roots
C. Water movement through plants
D. Transpiration
E. Measuring soil moisture
F. Efficient water use by plants
G. Drought stress
H. Flooding and anaerobiosis
I. Acid deposition

III. Agricultural Technologies that Affect Water
A. Methods of evaporative control
B. Types of farming based on water use
C. Irrigation
D. Types of irrigation systems
E. Drainage
F. Wind screens
G. Hydroponics
H. Hydrophilic gels

Important Concepts

Since most living herbaceous plants are about 80 to 95% water, having sufficient
water is a requirement for proper plant growth and development.

Water is an excellent solvent, dissolving greater amounts of a wide variety of
substances than do other related substances. Water also has the highest ability to store
heat energy of any liquid or solid and has the highest ability to conduct heat of all
liquids and has a definite tensile strength.

Water potential is the chemical potential (quantitative expression of the free energy
associated with the chemical) of water in a specified part of the system compared
with the chemical potential of pure water at the same temperature and atmospheric
pressure.

The absorption of soil water through the root system is the primary source of water
for most plants as water absorption of dew and rain by leaves is often of negligible
importance for water uptake.

Plants can be classified on the basis of their water requirements.

Water absorption by roots is affected by the number of roots within a given volume
of soil, the size of the roots, the rate of root length growth, the distance the water
must travel in the root from the site of absorption to the site of its loss or utilization,
and the age of the root at the absorbing site.
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Water transport from the soil, through the plant, to the atmosphere, takes place in a
soil-plant-air continuum that is often interconnected by a continuous film of liquid.
Water moves through the plant along a gradient, either from high to low water
potential (if transport occurs across a semi-permeable membrane), from high to low
hydrostatic pressure (if no membrane is involved), or from high to low partial water
vapor pressure.

Transpiration is the process of water loss from the internal leaf atmosphere and
transpirational pull is a method that water travels through the plant.

In order to optimize crop production, water must be available and irrigation, when
needed, must be efficiently used.  Monitoring soil moisture is therefore important and
there have been a number of methods developed and used by growers for monitoring
soil moisture to determine when irrigation may be needed.  These monitoring
methods can be broadly categorized as plant-based and soil-based.

The efficiency of water use in crop production is influenced by climate, soil, and
nutrient factors.

Drought is a meteorological term that is defined as a period of time without sufficient
rainfall.  Drought stress occurs when insufficient water is available in the soil because
water input (by rain or irrigation) has been reduced and the atmospheric conditions
existed that caused continued loss of water by transpiration and evaporation.

Flooding occurs in a soil when water within it is in excess of field capacity.

Acid deposition is the process by which acidic components of atmospheric air
pollutants are deposited to the earth by means of rain, sleet, snow, fog, or as dry
particles.

A mulch is any material used at the surface of a soil primarily to prevent the loss of
water by evaporation or to reduce weed establishment and growth.

A cover crop is a crop that is not harvested for sale but is grown to benefit the soil
and/or other crops in a number of ways.

There are two general types of farming depending on how water is handled.  These
include dryland farming and irrigation farming.

Watering or irrigating supplements natural rainfall when soil moisture is insufficient
to meet plant needs.

Important terminology to define and understand

solvent heat of vaporization lake effect
maritime climate water potential dew
field capacity saturated soil wilting point
hydrophytes mesophytes xerophytes
root:shoot root hairs transpiration
cohesion-tension pressure chamber gravimetric
tensiometer gypsum block drought
flooding anaerobiosis hypoxic
anoxic aerenchyma acid deposition
mulches cover crop contour planting
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terraces tillage irrigation
drainage wind screens hydrponics
hydrophilic gels

Answers to end of chapter questions

1.  Water absorption by roots is affected by the number of roots within a given
volume of soil, the size of the roots, the rate of root length growth, the distance the
water must travel in the root from the site of absorption to the site of its loss or
utilization, and the age of the root at the absorbing site

3.  Appearance of the soil, soil moisture feel, gravimetric, tensiometers, gypsum
blocks, and thermal dissipation sensors and some soil-based techniques for measuring
soil moitsure.

5. Readings 0 to 5 – This range indicates a nearly saturated soil and often occurs
for one or two days following a rain or irrigation.  Plant roots may suffer
from lack of oxygen if readings in this range persist.
Readings 6 to 20 – This range indicates field capacity.  Irrigation is
discontinued in this range to prevent waste of water by percolation and also
to prevent leaching of nutrients below the root zone.
Readings 21 to 60 – This is the usual range for starting irrigation.  Most field
plants having root systems 0.5 m deep or more will suffer until readings reach
40 to 50 range. Irrigation is started in this range to insure maintaining readily
available soil water at all times.  It also provides a safety factor to
compensate for practical problems such as delayed irrigation, or inability to
obtain uniform distribution of water to all portions of the field.
Readings 61 + – This is the stress range for most soil and crops.  Deeper-
rooted crops in medium textured soils may not show signs of stress before
readings reach 70.  A reading of 70 does not necessarily indicate that all
available soil water is used up, but that readily available water is below that
required for maximum growth.

7.  The efficiency of water use in crop production is influenced by climate, soil, and
nutrient factors.

9.   Root hairs assist in water absorption by traversing air gaps between the root and
moist soil particles.

11. A permanent sprinkler system is an underground pipe system with only a
portion of the risers and sprinklers above ground.  This system has the same
characteristics as a solid set, except labor requirements are lower and the
system cannot be moved to another location.

A traveling gun is a self propelled, continuous move sprinkler mounted on a
two, three or four wheel trailer with water being supplied through a flexible
hose.  The unit follows a steel cable that has one end anchored at one end of
the field and the other end is attached to the machine.  The cable winds onto
a cable drum on the machine as the machine moves through the field.  It is
best suited to square or rectangular fields, straight rows, and flat to rolling
topography.  Uniformity of water application will vary from excellent to
fair.  It is easily transported from field to field and farm to farm.

Furrow irrigation is the application of water in furrows that have a continuous
slope in the direction of water movement to crops.  The system is limited to
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fields that have natural slopes of 2 percent or less and to soils that are not
excessively sandy.  Fields must be graded to provide uniform slope and water
distribution.  Furrow irrigation is not designed for small applications of water.
Labor requirements are fairly high and the initial costs can be high depending
on the amount of grading.  Operational costs are low and it does have a good
uniformity of water distribution.

A center pivot system is an electrically or hydraulically powered self
propelled lateral line on which sprinklers or spray nozzles are mounted.
Towers that are spaced 34 to 85 m apart support the lateral line.  Center
pivots are available as fixed-point machines and as towable machines that can
be used on two or more pivots.  The pattern of irrigation is a circle, however
with an end gun, it is possible to irrigate corners or odd shapes of fields.  The
slope of land must be less than 10 percent.  Center pivots have a high initial
cost and are usually custom designed to fit the area to be used.

A portable aluminum pipe sprinkler system is an aluminum pipe system
designed to cover only a portion of the acreage to be covered at one time.
This system can be moved one or more times per day.  It may use a variety
of sprinkler sizes.  It has the highest labor requirement of any sprinkler
system and is only used on relatively small acreages.

Additional questions

1.  How is water distributed across the earth?

2.  Why is water an excellent solvent?

3.  What are the three broad classifications of plants based on water use?

4.  Explain transpirational pull.

5.  What is the importance of aerenchyma cells in plants?
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CHAPTER 18.  NUTRIENTS

Chapter outline
I.  Background Information

A. Methods of nutrient acquisition by plants
B. Essential plant nutrients

1. Macronutrients
2. Micronutrients

C. Soil pH
D. Biogeochemistry

II.  Effects on Plants
A. Critical nutrient concentrations
B. Crop removal values

III. Agricultural Technologies that Affect Mineral Nutrients
A. Adjusting soil pH
B. Nutrient replacement

1. Fertilizers
2. Timing and application of fertilizers

C. Soil and tissue analysis
D. Rotations
E. Salt injury
F. Phytoremediation

Important Concepts

Plants require 16 essential chemical elements (nutrients) for growth.

While most terrestrial plants absorb nutrients via their roots, other methods of
nutrient acquisition exist.

Each of the 16 accepted essential elements has at least one specifically defined role in
plant growth so that the plants fail to grow and reproduce normally in the absence of
the element.

Macronutrients are those elements needed by plants in relatively large quantities.

Micronutrients are essential nutrients that are needed by plants in smaller amounts
than the macronutrients.

Soil pH measures the concentration of hydrogen ions, H+, in the soil and is a major
factor in determining the availability of nutrients from the soil for the plant.

Nutrients in the environment exists in several forms and are typically cycled and
several processes affect their availability.

As a result of microbial activity, carbon undergoes many complex chemical
transformations that are collectively known as decomposition.

Only certain kinds of bacteria and some blue green algae can convert or fix N2

directly into usable forms.

Synthetic fertilizers are important sources of nitrogen in agricultural systems and
contain one of three nitrogen forms: urea [CO(NH2)2], ammonia/ammonium, or
nitrate.
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Nitrification occurs when ammonium is converted to nitrate by specialized bacteria
called nitrifers.

Denitrification is the conversion of nitrates to N2, N2O, or NO by specialized bacteria
under anaerobic conditions.

The phosphorus cycle is one of the sedimentary cycles by which materials travel
from the land to the sea and back again.

The return of potassium from crop residues and manures is very important in
maintaining soil potash.

Normal plant growth is achieved when all the essential elements are provided in a
suitable nutrient concentration range. A critical concentration for a nutrient occurs at
the point where plant growth is reduced by 10% because of a shortage of the element
in question. A deficiency of an element essential for plant growth will result in a
decrease in the normal growth of the plant and will affect the yield of a crop.
Essential elements can be toxic when they are in excess and detrimentally affect
growth and yield of the crop.

Crop removal values are estimated by analyzing plants and fruits for their nutrient
content and then expressing the results on an hectare basis.

To maintain long-term plant productivity some or all of the nutrients that may have
been previously utilized by the plant or lost by other pathways (such as leaching)
must be periodically replaced. Most inorganic fertilizers contain salts of the
macronutrients nitrogen, phosphorus, and potassium. Organic fertilizers originate
from residues of plants or animals or from natural rock deposits.  Animal manures are
important sources of organic nutrients and can be used as fertilizers. Green manures
supply organic matter, prevent erosion, and aid in conserving soluble nutrients in the
soil.

Soil analysis is the determination of the nutrient content in a soil sample from the
root zone. Timely tissue sampling, along with soil or media testing and a general
knowledge of the specific crop’s needs can also be used to diagnose suspected
nutritional problems.

Crop rotation is the growing of two or more crops in a sequence, on the same land,
during a period of time.

Salt injury can be observed on field-grown plants when fertilizers and/or irrigation
have been used for many years without adequate soil drainage for necessary nutrient
leaching to occur.

Certain plant species known as hyperaccumulators have the ability to extract
elements from the soil and concentrate them in the stems, shoots, and leaves.

Important terminology to define and understand

essential elements mineral elements nutrient acquisition
carnivorous symbiotic macronutrients
micronutrients soil pH acidic
alkaline biogeochemistry nutrient cycles
carbon cycle residues decomposition
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nitrogen cycle nitrogen fixation denitrification
mineralization nitrification phosphorus cycle
potassium cycle critical concentration deficiency
toxicity crop removal values fertilizers
manures cover crops organic fertilizers
C:N green manure composts
preplant fertilizer starter solution side dressing
foliar application soil analysis tissue analysis
salt injury phytoremediation hyperaccumulators

Answers to end of chapter questions

1. Most deficiency or toxicity symptoms can be categorized into one of five
types: 1) chlorosis, which is a yellowing of plant tissue due to a reduction in
chlorophyll formation; 2) necrosis, or death of plant tissue; 3) lack of new growth
or terminal growth resulting in rosetting; 4) an accumulation of anthocyanin and an
appearance of a reddish color; and 5) stunting and reduced growth with either
normal or dark green coloring or yellowing.

3. Disadvantages of manures may include the presence of excessive amounts of
salt and introduction of weed seeds.  Also, some manure may need to be properly
fermented or aged before applying to the fields.

5. C –  It is a component of organica compounds such as sugars, proteins, and
organic acids.

P – Is a component of several energy transfer compounds in plants.

K – is an activator in many enzymatic reactions.  It is also important in cell
growth and in guard cells.

S – is a compound of sulfur-containing amino acids and in the sulfhydryl
group of certain enzymes.

Ca – is a component of calcium pectate, a constituent of cell walls.  Also a
cofactor of certain enzymatic reactions and is involved in cell elongation and
cell extension.

7.  Numbers (such as 3-8-18) refer to the effective percentage of nitrogen,
phosphorus, and potassium, respectively, in the fertilizer.  For example, a fertilizer
labeled 3-8-18 means the bag contains 3% by weight  of nitrogen, 8% of phosphate
(P2O5), and 18% of potash (K2O).

9.  Crop removal values are estimated by analyzing plants and fruits for their nutrient
content and then expressing the results on an hectare basis.  Crop removal values can
be used to estimate fertilizer.  Crops and are important for information purposes and
comparisons among crops.

11. Soils that are either acidic or alkaline typically have their soil pH adjusted to near
neutral to ensure proper plant growth since most essential elements reach near
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maximal availability and most plant toxic elements become non-toxic in this pH
range

Additional questions

1.  What methods are available for the plant to absorb nutrients from the
environment?

2.  Explain the Law of Conservation of Matter.

3.  How can soil and tissue analysis be used in growing crops?

4.  How can a plant be used for phytoremediation?
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CHAPTER 19.  SOIL ORGANISMS

Chapter outline
I.  Background Information

A. Microorganisms
1. Nematodes
2. Protozoa
3. Algae
4. Fungi
5. Actinomycetes
6. Bacteria

B. Macroorganisms
1. Earthworms
2. Roots of higher plants

C. Comparative organism activity
II.  Effects on Plants

A. Microorgansims
1. Benefits derived from mycorrhizae
2. Nitrogen-fixing bacteria
3. Plant diseases
4. Other microorganism effects

B. Macroorganisms
1. Influence of earthworms on soil fertility and crop

productivity
2. Competition for nutrients

III. Agricultural Technologies and Soil Organisms
A. Some generalizations on the effect of agricultural

systems on soil organisms
B. Effect of planting new ground
C. Disease control by soil management

Important Concepts

A “healthy” soil often supports a large number of organisms.  These may include
macroscopic organisms (such as earthworms) or microorganisms (such as fungus,
actinomycetes, and bacteria).

Mycorrhizae are symbiotic (mutually beneficial) associations of certain fungi with the
roots of higher plants.

The earthworm is probably the most important soil macroanimal and high earthworm
activity is often associated with healthy, productive soils.

Higher plants are the primary producers of organic matter and the storer of the sun’s
energy.  Their roots grow and often die in the soil and as a result supply the soil
microorganisms with food and energy.  Living roots physically modify the soil as
they penetrate through cracks and create new soil openings.

The process by which N2 is reduced to NH4
+ is called nitrogen fixation.  Certain soil

bacteria are needed for nitrogen fixation.   Most plants that form symbiotic
relationships with nitrogen fixing bacteria are in the legume family.
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Plants growing in fields are under constant attack by many soil organisms and the soil
is a natural reservoir for many plant pathogens.

Agricultural systems tend to reduce the species diversity and total organism
population of the soil (organic farming systems may increase organism populations
over conventional systems) as compared to non-agricultural ecosystems.

Cultural practices to reduce the negative impact of soil pathogens include soil
solarization, composting, heat, soil fumigants, soil fungicides, seed treatments, and
treatment of containers and equipment.

Important terminology to define and understand

“healthy” soil herbivores organic matter
nematodes protozoa algae
fungi molds mycorrhiza
ectomycorrhizae endomycorrhizae actinomycetes
bacteria earthworms casts
soil solarization composting heat
soil fumigants surface disinfectant

Answers to end of chapter questions

1.  Living roots physically modify the soil as they penetrate through cracks and
create new soil openings.  Tiny channels are increased in size as the root swells and
grows.  Roots also provide a mass of living organic matter, which helps stabilize soil
aggregates.  As roots decompose, they provide building material for humus not only
in the top few cms but also to greater soil depths.

3.  There are thousands of species of earthworms in the world.  Those that live in the
soil can be grouped into three major behavioral classes:  the litter dwellers, shallow
soil dwellers, and deep-burrowers.

5.  Soil organic matter is composed of organic compounds.  These organic compounds
can be divided into three forms:  water-soluble fulvic acid, humic acid that is soluble at
high pH but not at low pH, and water insoluble humin.   

7.  Cultural practices to reduce the negative impact of soil pathogens include soil
solarization, composting, heat, soil fumigants, soil fungicides, seed treatments, and
treatment of containers and equipment.

9.  Actinomycetes

11.  Herbivores are the soil organisms that feed on plants and are involved in
degradation of higher plant tissue into organic matter.

Additional questions

1.  How is water distributed across the earth?

2.  Why is water an excellent solvent?



54

3.  What are the three broad classifications of plants based on water use?

4.  Explain transpirational pull.

5.  What is the importance of aerenchyma cells in plants?
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CHAPTER 20.  ALLELOCHEMICALS

Chapter outline
I.  Background Information
II.  Effects on Plants

A. Classification and chemical nature of allelochemicals
B. Physiological action of allelochemicals
C. Sources and nature of allelochemicals

III. Agricultural Technologies and Allelochemicals
A. Weed control
B. Cover crops
C. Plant autotoxicity

Important Concepts

Allelopathy is the production of substrates or compounds by one organism that is
injurious to another organism or their progeny.  Allelochemicals are the organic
compounds involved in allelopathy.

The roots, leaves, and nuts of black walnut produce a substance known as juglone (5-
hydroxy-alphanapthaquinone).  Small amounts of juglone are released by live roots,
and juglone-sensitive plants may exhibit toxicity symptoms anywhere within the area
of these roots. Juglone has been shown to be a respiration inhibitor, which deprives
sensitive plants of energy required for metabolic activity.  The juglone toxin occurs
in the leaves, bark, and wood of walnut, but these contain lower concentrations than
in roots.  Juglone is poorly soluble in water and does not move very far in the soil.
Mulches of sawdust and bark from walnut are also capable of causing injury.

Around each patch of shrubs of the California chaparral there occurs a characteristic
bare zone of one to two meters wide where plants do not grow, and beyond that a
zone 2 to 8 meters wide of relatively stunted plant growth zone.

There are four main allelopathic classes of chemical reactions based on the type of
organism providing the allelochemical and the organism that is affected by the
allelochemical.  Antibiotics are microorganism to microorganism interactions,
kolines are plant to plant interactions, marasmins are microorganism to plant
interactions, and phytoncides are plant to microorganism interactions.

The classification of plant allelochemicals is generally based on biological activity.
These include phytotoxicants, growth promoters, substrates for microorganisms,
substances which predispose plants to disease, enhancers of root exudation, and agents
for altering soil structure.  In each of these categories allelochemicals affect
physiological processes in stressful ways that depend on the species and the
environmental conditions.

The physiological action of allelochemicals is generally related to the amount
absorbed and translocated to the site where physiological action of a toxic form has a
detrimental affect.   These actions include inhibition of respiration and oxidative
photophosphorylation, photosynthetic carbon fixation, enzyme activity of various
kinds, protein synthesis, and cell division and elongation.

Release of allelochemicals from plants occurs by fog, drip, or rain; exudation from
roots; degradation of dead plant parts; and volatilization.  All plant parts have been
shown to contain inhibitors but leaves and roots appear to be the most important
sources.
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Allelopathy has been investigated as a possible method of weed control.

Growers often use the allelopathic nature of barley, rye, sorghum, and wheat when
they use these crops as cover crops.

Some plants may exhibit autotoxicity or self-poisoning from allelochemicals that
they release.

Important terminology to define and understand

allelopathy allelochemical juglone
chaparral antibiotics kolines
marasmins phytoncides phytotoxicants
growth promoter terpenes phenolics
alkaloids weed control cover crops
autotoxicity

Answers to end of chapter questions

1.  Allelopathy is the production of substrates or compounds by one organism that is
injurious to another organism or their progeny.

3.  As a general rule, the longer the two organisms have lived together, the less likely
allelopathic effects will be observed.

5.  Leaves that are relatively large, flat, and pubescent (covered with leaf hairs) are
easily wetted and prone to leaching.   

7.  The roots, leaves, and nuts of black walnut produce a substance known as juglone
(5-hydroxy-alphanapthaquinone).

9.  Allelochemicals may function in weed control to reduce competition.  Commonly
used cover crops (such as barley, rye, sorghum, and wheat) in agricultural systems may
reduce weed competition at least partially due to release of allelochemicals.

Additional questions

1.  What symptoms may indicate that a plant is being affected by nematodes?

2.  What are some of the benefits of a mycorrhizal association with certain plants?

3.  Describe the seasonal activity of earthworms?

4.  How do earthworms benefit the soil?

5.  How does planting new ground affect the soil organisms in that area?


