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BASIC BOTANY, PHYSIOLOGY AND ENVIRONMENTAL EFFECTS ON PLANT GROWTH

INTRODUCTION

In order to gain a working knowledge of horticulture, it is necessary to understand
the structure and function of plants and the environmental factors that affect plant
growth. In the greatly diversified kingdom of plants, all flowering plants have certain
structures and functions in common. These similarities are the basis for this chapter. High-

er flowering plants are divided into two groups, monocotyledons (monocots) and dicotyle-
dons (dicots). Although monocots and dicots are similar in many ways, differences with
respect to number of seed leaves, number of flower parts, leaf vein pattern and root
structure exist. In addition, physiological dissimilarities exist which, for example,

result in different responses to herbicides (weed Killers).

PLANT PARTS AND FUNCTIONS

The parts of a plant can be divided into two groups, sexual reproductive and vegetative
parts. Sexual reproductive parts are those involved in the production of seed. They
include flowers, fruit, flower buds, and seeds. The vegetative parts include leaves,
roots, shoot buds, and stembnd are not directly involved in sexual reproduction. However,
they are often used in asexual or vegetative forms of reproduction such as cuttings.

PRINCIPLE PARTS

&
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Stems

Stems are structures which support buds and leaves and serve as conduits for carrying
water, minerals, and sugars. Three major internal parts of a stem are the xylem, phloem,
and cambium. The xylem and phloem are the major components of a plant's vascular system. The
vascular system transports food, water, and minerals and offers support for the

plant. Xylem tubes are the water and mineral conducting channels while phloem tubes
are the food conducting channels.

The vascular systems of monocots and dicots differ. While both contain xylem and phloem,
they are arranged differently. In the stem of a monocot, the xylem and phloem are paired
into bundles; these bundles are dispersed throughout the stem. The vascular system

in a dicot is said to be continuous because it forms rings inside the stem. The ring

of phloem is near the bark or external cover of the stem and is a component of the
bark in mature stems. The xylem forms the inner ring and is the sapwood and heartwood
in woody plants. The difference in the vascular system of the two groups is of practical
interest to the horticulturist because certain herbicides are specific to either monocots

or dicots. An example is 2,4,-D, which only Kkills plants with a continuous vascular
system or dicots.

CROSS-SECTION
OF
STEM
Discontinuous vascular system of Continuous vascular system of
a monocotyledonous stem. a dicotyledonous stem.

The cambium is a meristem which is a site of cell division and active growth. It is
located between the xylem and phloem inside the bark of a stem and is the tissue respon-
sible for a stem's increase in girth, as it produces both the xylem and phloem tissues.

Stems may be long, with great distances between leaves and buds (branches of trees,
runners on strawberries) or compressed with short distances between buds or leaves
(fruit spurs, crowns of strawberry plants, dandelions). Stems can be above the ground
like most stems with which we are familiar, or below the ground (potatoes, tulip bulbs). All
stems must have buds or leaves present to be classified as stem tissue.

Botany 2



DIVERSIFIED STEM DEVELOPMENT

ABOVE GROUND MODIFICATIONS

A crown is a region of compressed stem tissue

from which new shoots are produced, generally
found near the surface of the soil.

Spur is a compressed
fruiting branch.

Spur

A runner is a specialized stem
that grows on the soil surface and

forms a new plant at one or more

! Branch is a stem which
of its nodes.

is more than one year old.

BELOW GROUND MODIFICATIONS

Rhizome is a specialized stem which
grows horozontally at or just below the . : :
soil surface and acts as a storage organ E?b:rl; txsn &';g‘:glll?“;]gesdteﬁloftmn
and means of propagation in some plants.

i hort ste late
Corm is a compressed stem with Bulb is composed of a short stem p
reduced scaly leaves.

and closely spaced buds and fleshy leaves.
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An area of the stem where leaves are located is called a node. Nodes are areas of great .
cellular activity and growth, at which point, buds develop into leaves, or flowers. The J
area between nodes is called an internode.

Node

>Internode

Parts of a Stem

The length of an internode, may depend on many factors. Decreasing fertility will decrease

internode length. Internode length varies with the season. Too little light will result

in a long internode, causing a spindly stem. This situation is known as stretch or

etiolation. Growth produced early in the season has the greatest internode length. Internode

length decreases as the growing season nears its end. Vigorously growing plants tend :
to have greater internode length than less vigorous plants. Internode length will vary J
with competition with surrounding stems or developing fruit. If the energy for a stem

has to be divided between three or four stems, or if the energy is diverted into fruit

growth, internode length will be shortened.

Although typical stems are above ground trunks and branches, there are modified stems
which can be found above ground and below ground. The above ground modified stems are
crowns, stolens, runners, or spurs and the below-ground stems are bulbs, corms, rhizomes

and tubers.

Above-ground stems called crowns (strawberries, dandelions, African violets) are compressed
stems having leaves and flowers on short internodes. Spurs are short, stubby, side
stems that arise from the main stem and are common on such fruit trees as pears, apples,
and cherries where they may bear fruit. If severe pruning is done close to fruit bearing
spurs, the spurs can revert to a nonfruiting long stem. A stolon is a horizontal stem
that is fleshy or semiwoody and lies along the top of the ground. Strawberry runners
are examples of stolons. Remember, all stems have nodes and buds or leaves. The leaves
on strawberry runners are small but are located at the nodes, which are easy to see. The
nodes on the runner are the points where roots begin to form. The spider plant has
stelons that can produce an entirely new plant.

Rhizomes are similar to stolons, but grow underground rather than above ground. Some
rhizomes are compressed and fleshy such as Iris; they can also be slender with elongated
internodes such as bentgrass. Johnsongrass is an insidious weed principally because

of the spreading capability of its rhizomes.
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Rhizome Stolon

Below—ground stem variations such as the potato tuber, the tulip bulb and the iris
rhizome are underground stems that store food for the plant. The tuber, like any other
stem, has nodes that produce buds. The eyes of a potato are actually the nodes on the
stem. Each eye contains a cluster of buds.

Tulips, lilies, daffodils, and onions are plants that produce bulbs which are shortened
compressed underground stems surrounded by fleshy scales (leaves) that envelop a central
bud located at the tip of the stem. In November, if you cut through the center of a
tulip or daffodil bulb, you can see all the flower parts in miniature within the bulb.

Many bulbs require a period of low temperature exposure before they begin to send up
the new plant. Both the length of this treatment and the temperature are of critical
importance to commercial growers who force bulbs for holidays. Easter lilies are especially
tricky to time since the date of Easter may vary by six weeks.

Bulbs and corms are not the same. Corms have shapes similar to bulbs, but do not contain
fleshy scales. A corm is a solid, swollen stem whose scales have been reduced to dry,
scale-like leaves.

lateral bud

internode
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Some plants produce a modified stem that is refered to as a tuberous stem. Examples
are tuberous begonia and cyclamen. The stem is shortened, flattened, enlarged, and
underground. Buds and shoots arise from the top or crown and fibrous roots are found
on the bottom of the tuberous stem.

In addition, some plants such as the dahlia and the sweet potato produce an underground
storage organ called a tuberous root which is often confused with bulbs and tubers. However,
these are roots, not stems, and have neither nodes nor internodes.

Tuberous Begonia

Sweet 'P'ota‘to '

Stems are one of the most commonly used parts for plant propagation purposes. Above
ground stems can be divided into sections that contain internodes and nodes. They are
referred to as cuttings and will produce roots thus giving rise to new plants. Below
gound stems are also good propagative tissues: rhizomes can be divided into pieces;
bulbs form small bulblets at the base of the parent bulb; cormels are miniature corms
that form under the parent corm; and tubers can be cut into pieces containing eyes
and nodes. All of these will produce new plants.

It may sometimes be difficult to distinguish between roots and stems but one sure way
is to look for the presence of nodes. Stems have nodes, roots do not.

Types of Stems A SHOOT is a young stem with leaves present. A TWIG is a stem which
is one-year old or less and has no leaves. It is still in the winter dormant stage. A
BRANCH is a stem which is more than one-year old, and typically has lateral stems. A
TRUNK is a main stem of a woody plant. Most trees have a single trunk.

Trees are perennial woody plants with one, or sometimes several main trunks which at
maturity are usually more than 12 feet tall.

Shrubs are perennial woody plants which may have one or several main stems which at
maturity are usually less than 12 feet tall.

-
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A vine is a plant which develops long trailing stems that grow along the ground, or
must be supported by another plant or structure. Some twining vines circle the support
clockwise (hops or honeysuckle) while others circle counter-clockwise (pole beans or
Dutchman's pipe vine). Climbing vines are supported by aerial roots as in English ivy
or poison ivy, or by slender tendrils which encircle the supporting object such as

in cucumber, gourds, grapes, and Passion-flowers, or by tendrils with adhesive tips
such as Virginia and Japanese Creeper.

Figure 1. Some vines Figure 2. The twining Figure 3. Some clinging Figure 4. Other clinging
have tendrils which wrap vines climb by winding vines climb by means of vines attach themselves
around any type of sup- their stems around any tendrils with disk-like to surfaces with small
port. available support. adhesive tips which at- aerial rootlets along the
tach to any surface. stem.
Texture and Growth of Stems Woody stems contain relatively large amounts of hardened

Xylem tissue in the central core, and are typical of most tree fruits and ornamental
trees and shrubs.

A cane is a stem which has a relatively large pith (the central strength giving tissue
of stem) and usually lives only one or two years. Examples of plants with canes include
rose, grape, blackberry, and raspberry.

Herbaceous or succulent stems contain only small amounts of xylem tissue and usually
live for only one growing season. If the plant is perennial, it will develop new shoots
from the root.

Plants are classified by the number of growing seasons required to complete a life
cycle. Annuals pass through their entire life cycle from seed germination to seed production
in one growing season, and then die.

Biennials are plants which start from seeds, produce vegetative structures and food
storage organs the first season. During the first winter a hardy evergreen rosette

of basal leaves persists. During the second season, flowers, fruit and seed develop

to complete the life cycle. The plant then dies. Carrots, beets, cabbage, celery, and
onions are biennial plants which produce seed by flowers that develop the second year
of growth. Hollyhoeck (Althaea rosea), Centerbury bells (Campanula Medium), and Sweet
William (Dianthus barbatus) are biennials which are commonly grown for their attractive
flowers.
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Plants which typically develop as biennials may in some cases complete the cycle of
growth from seed germination to seed production in only one growing season. This situation
occurs when drought, variations in temperature, or other climatic conditions cause
the plant to pass through the equivalent of two growing seasons physiologically, in

a single growing season. This phenomenon is referred to as bolting.

Perennial plants live for many years and after reaching maturity typically produce
flowers and seeds each year. Perennials are classified as herbaceous if the top dies
back to the ground each winter and new stems grow from the roots each spring. They
are classified as woody if the top persists, as in shrubs or trees.

Stems as Food The edible portion of several cultivated plants such as asparagus and
kohlrabi is an enlarged succulent stem. The edible parts of broccoli are composed of
stem tissue, flower buds and a few small leaves. The edible part of the white or Irish
potato, is a fleshy underground stem called a tuber. Although the name suggests otherwise,
the edible part of the cauliflower is proliferated stem tissue. The flower of this
biennial develops from buds in the compact branched stem tissue.

Leaves

The principal function of leaves is to absorb sunlight for the manufacture of plant
sugars in a process called photosynthesis. Leaves develop into a flattened surface

to present a large area for efficient absorption of light energy. The leaf is supported
away from the stem by a stem-like appendage called a petiole. The base of the  petiole
is attached to the stem at the node. The smaller angle formed between the petiole and
the stem is called the leaf axil. An active or dormant bud or cluster of buds is usually
located in the axil.

The leaf blade is composed of several layers. On the top and bottom, is a layer of
thickened tough cells called the epidermis. The primary function of the epidermis is
protection of leaf tissue. The way in which the cells in the epidermis are arranged
determines the texture of the leaf surface. Some leaves have hairs that are an extension
of certain cells of the epidermis. The African violet has so many that the leaf feels
like velvet.

Part of the epidermis is the cuticle which produces a waxy layer called cutin that
protects the leaf from dehydration and prevents penetration of some diseases. The amount
of cutin is a direct response to sunlight, increasing with increasing light intensity. For

this reason, plants grown in the shade should be moved into full sunlight gradually, over

a period of a few weeks to allow the cutin layer to build and to protect the leaves
from the shock of rapid water loss or sunscald. The waxy cutin also repels water and
can shed pesticides if spreadersticker agents or soaps are not used. This is the reason
many pesticide manufacturers include some sort of spray additive to adhere to or penetrate
the cutin layer.

On the underside of leaves some epidermal cells are capable of opening and closing. These
cells guard the interior of the leaf and regulate the passage of water, oxygen, and
carbon dioxide through the leaf. These regulatory cells are called guard cells. They
protect openings in the leaf surface called stomata. The opening and closing of the
cells are determined by the weather. Conditions that would cause large water losses
from plants (high temperature, low humidity) stimulate guard cells to close. Mild weather

Botany 8
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conditions leave guard cells in an open condition. Guard cells will close in the absence
of light.

The middle layer of the leaf is the mesophyll and is located between the upper and
lower epidermis. This is the layer in which photosynthesis occurs. The mesophyll is
divided into a dense upper layer called the palisade and a lower layer of cells that
contains lots of air space, the spongy parenchyma layer. The cells in these two layers
contain chloroplasts which are the actual site of the photosynthetic process.

LEAF PARTS
Cutin
Epidermis
Palisade layer
N
-
1 Guard cell Stoma Epidermis
Spongy
parenchyma &
layer
Stoma
Types of Leaves A number of rather distinet types of leaves occur on plants. Leaves

commonly referred to as foliage are the most common and conspicuous, and as previously
stated, serve as the manufacturing centers where the photosynthetic activity of the
plant occurs. Scale leaves or cataphylls are found on rhizomes and are also the small
leathery protective leaves which enclose and protect the bud. Seed leaves or cotyledons
are modified leaves which are found on the embryonic plant and commonly serve as storage
organ. Spines and tendrils as found on barberry and pea are specialized modified leaves
which protect the plant or assist in supporting the stems. Storage leaves as are found

in bulbous plants and succulents serve as food storage organs. Other specialized leaves
include bracts which are often brightly colored. The showy structures on dogwood and
poinsettias are bracts, not petals.

Parts of a Leaf The blade of a leaf is the expanded thin structure on either side
of the midrib. The blade usually is the largest and most conspicuous part of a leaf.

The petiole is the stalk which supports the leaf blade. It varies in length or may
be lacking entirely in some cases where the leaf blade is described as sessile or stalkless.

Blade
Sheath Needles

Botany 9
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Venation of Leaves The vascular bundles from the stem extend through the petiole
and spread out in the blade. The term venation refers to the patterns in which the J
veins are distributed in the blade. Two principal types of venation are parallel veined

and net veined.

Parallel veined leaves are those in which there are numerous veins which run essentially
parallel to each other and are connected laterally by minute straight veinlets. Possibly
the most common type of parallel veining is that found in plants of the grass family
where the veins run from the base to the apex of the leaf. Another type of parallel
venation is found in plants such as banana, calla, and pickrel-weed where the parallel
veins run laterally from the midrib. Parallel veined leaves occur on plants which are
part of the monocotyledon group.

Net veined leaves, also called reticulate veined, have veins which branch from the

main rib or ribs and then subdivide in finer veinlets which then unite in a complicated
network. This system of enmeshed veins gives the leaf more resistance to tearing than
is true for most parallel veined leaves. Net venation may be either pinnate or palmate. In
pinnate venation the veins extend laterally from the midrib to the edge such as in
apple, cherry and peach. Palmate venation occurs in grape and maple leaves where the
principle veins extend outward, like the ribs of a fan, from the petiole near the base
of the leaf blade. Net veined leaves occur on plants which are part of the dicotyledon
group. :

TYPES OF VENATION

Parallel Pinnate Palmate
Parallel veined Net veined
Leaves as a Means of Identifying Plants Leaves are useful in identifying species

and varieties of horticultural plants. The shape of the leaf blade, and the type of
margin, are of major importance in identifying characteristics.

Leaf shape: The leaves of plants have characteristic shapes which may be used in
identifying species and varieties. Simple leaves are those in which the leaf blade

is a single continuous unit. A compound leaf is composed of several separate leaflets
arising from the same petiole. A deeply lobed leaf may appear similar to a compound
leaf but if the leaflets are connected by narrow bands of blade tissue it may be classified

as a simple leaf. If the leaflets have separate stalks and particularly if these stalks

are jointed at the point of union with the main leaf-stalk, the leaf is considered

to be compound. Some leaves may be doubly compound, having divisions of the leaflets.

>
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TYPE OF LEAF

Simple e Compound %

Palmate Campound Pinnat

Double Pinnate Compound

Types of Compound Leaves

Shape of the leaf blade: The following are some common shapes which are found in
leaves and leaflets.

Linear - narrow, several times longer than wide and of approximately the same width
throughout.
Lanceolate - longer than wide and tapering toward the apex and base.
Elliptical - about 2 or 3 times as long as wide, tapering to acute or rounded apex
and base.
Ovate - egg-shaped, basal portion wide, tapering toward the apex.
Cordate or Heart-shaped - broadly ovate tapering to acute apex, with the base turning

in and forming a notech where the petiole is attached.

SRR LAY

Subulate Acicular Fillform Linear Oblong Elliptical Ovate Obovate

EAARAA

Lanceolate Oblanceolate Spatulate Orbicular Rhamboidal Delfoid Cordate

—
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Shape of the leaf apex and base: The following are common shapes found in leaves.

Acuminate - tapering to a long, narrow point.

Acute - ending in an acute angle, with sharp but not acuminate point.
Obtuse - tapering to a rounded edge.

Sagittate - Arrowhead shaped, two pointed lower lobes.

Truncate - having a relatively square end.

- - ——

Acute Cuspidate Mucronate Obtuse Retuse Emarginate

VVVPTA A

Cuncate Attenuate Obtuse Cordate Auriculate Sagittate Truncate

Leaf margins: The type of margin of a leaf is especially useful in the identification
of certain varieties of fruit plants. The following are the most common forms of leaf
margins.

Entire - a smooth edge with no teeth or notches.

Serrate - having small sharp teeth pointing toward the apex.

Dentate - having teeth ending in an acute angle pointing outward.

Crenate - having rounded teeth.

Sinuate - having a pronounced sinuous or wavy margin.

Incised - margin cut into sharp, deep, irregular teeth or incisions.

Lobed - incisions extend less than halfway to the midrib.

Cleft - when incisions extend deeper than halfway to the midrib.

| N

Entire Sinuate Crenate Dentate Serrate Serrulate Double
serrate

Incised Lacerate Pectinate Ciliate Lobed Cleft Parted
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Leaf arrangement along a stem: The various ways leaves are arranged along a stem is
also used to help identify plants. Rosulate arrangement is one in which the basal leaves
form a rosette around the stem with extremely short nodes. Opposite leaves are positioned
across the stem from each other, two leaves at each node. Alternate or spiral leaves
are arranged in alternate steps along the stem with only one leaf at each node. Whorled
leaves are arranged in circles along the stem.

™
N

Rosulate Alternate Opposite Whorled

Leaves as Food The leaf blade is the principal edible part of several horticultural
crops including chive, collard, dandelion, endive, kale, leaf lettuce, mustard, parsley,
spinach, and Swiss chard. The edible part of leek, onion, and Florence Fennel is a
cluster of fleshy leaf bases. The petiole of the leaf is the edible product in celery
and rhubarb. In plants like Brussel sprout, cabbage and head lettuce, the leaves in
the form of a large naked bud, are the edible product.

Buds

A bud is an undeveloped shoot from which embryonic leaves or flower parts arise. The
buds of trees and shrubs of the temperate zone typically develop a protective outer
layer of small leathery bud scales. Annual plants and herbaceous perennials have naked
buds in which the outer leaves are green and somewhat succulent.

Buds of many plants require exposure to a certain number of days below a critical tempera-
ture (rest) before they will resume growth in the spring. This time period varies for
different plants. The flower buds of forsythia require a relatively short rest period

and will grow at the first sign of warm weather. Many peach varieties require from
700 to 1000 hours of temperatures below 45 F (7C) before they will resume growth. During
rest, dormant buds can withstand very low temperatures, but after the rest period is
satisfied, buds become more susceptible to weather conditions and can be damaged easily
by cold temperatures or frost.

A Leaf Bud is composed of a short stem with embryonic leaves, with bud primordia in
their axils and at the apex. Such buds develop into leafy shoots. Leaf buds are often
less plump and more pointed than flower buds.

A Flower Bud is composed of a short stem with embryonic flower parts. In some cases
the flower buds of plants which produce fruit crops of economiec importance are called
fruit buds. This terminology is objectionable because, although flowers have the potential

for developing into fruits, this development may never occur because of adverse weather
conditions, lack of pollination, or other unfavorable circumstances. The structure

is a flower bud, and should be so designated since it may never set fruit.
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Leaf and flower buds of elm

Location of Buds Buds are named for the location which they inhabit on the stem surface.
Terminal buds are those which are located at the apex of a stem. Lateral buds are borne
on the sides of the stem. Most lateral buds arise in the axis of a leaf and are called
axillary buds. In some instances more than one bud is formed. Adventitious buds are
those which arise at sites other than in the terminal or axillary position. Adventi-
tious buds may develop from the internode of the stem, at the edge of a leaf blade,
from callus tissue at the cut end of a stem or root, or laterally from the roots of
plants.

Twig

—~ m__Terminal Bud

Lateral or Axillary Bud

Buds as foods Enlarged buds or parts of buds form the edible portion of some horticultural
crops. Cabbage and head lettuce are examples of unusually large terminal buds. Succulent
axillary buds of Brussels sprouts become the edible part of this plant. In the case
of Globe Artichoke, the fleshy basal portion of the bracts of the flower bud are eaten
along with the solid stem portion of the bud. Broccoli is the most important horticultural
plant in which edible flower buds are consumed. In this case portions of the stem as
well as small leaves associated with the flower buds, are eaten.
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Roots

A thorough knowledge of the root system of plants is essential if their growth, flowering,
and fruiting responses are to be understood. The structure and growth habits of roots
have a pronounced effect on the size and vigor of the plant, method of propagation,
adaptation to certain soil types, and responses to cultural practices and irrigation. The
roots of certain vegetable crops are important as food.

Roots typically originate from the lower portion of a plant or cutting. They possess
a root cap, have no nodes, and never bear leaves or flowers directly. The principal
functions of roots are to absorb nutrients and moisture, anchor the plant in the soil,
furnish physical support for the stem and serve as food storage organs. In some plants,
they may be used as a means of propagation.

A primary root originates at the lower end of the embryo of a seedling plant. A taproot
is formed when the primary root continues to elongate downward into the soil and becomes
the central and most important feature of the root system with a somewhat limited amount
of secondary branching. Some trees, especially nut trees like pecan, have a long taproot
with very few lateral or fibrous roots which causes them to be difficult to transplant
and necessitates that they be planted only in deep well-drained soil. The taproot of
carrot, parsnip, and salsify, is the principal edible part of these crops.

A lateral or secondary root is a side or branch root which arises from another root. A
fibrous root is one which remains small in diameter because of very little cambial
activity. One factor which causes shrubs and dwarf trees to remain smaller than standard
or large size trees is the inactivity of the cambium tissue in the roots.

A fibrous root system is one in which the primary root ceases to elongate, and numerous
lateral roots develop, which branch repeatedly and form the feeding root system of
the plant.

If plants that normally develop a taproot are undercut so that the taproot is severed
early in the plant's life, the root will lose its taproot characteristic and develop

a fibrous root system. This is done commercially in nurseries so trees have a compact,
fibrous root system. This allows for high transplanting success in the field.

Taproot of Carrot Fibrous Root of Grass

The quantity and distribution of plant roots is very important because it has a major
influence on the absorption of moisture and nutrients. The depth and spread of the
roots is dependent on the inherent growth characteristics of the plant, and the texture
and structure of the soil. Roots will penetrate much deeper in a loose well-drained
soil, than in a heavy, poorly-drained one. A dense compacted layer in the soil wil)
restrict or terminate root growth.
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During the early development of a seedling plant, it absorbs nutrients and moisture
from the soil which is within a few inches of the location of the seed from which the
plant grew. Therefore, the early growth of most horticultural crops which are seeded
in rows, benefits from band application of fertilizer several inches on each side and
slightly below the location of the seeds.

As plants become well established, the root system develops laterally and usually extends
somewhat beyond the spread of the branches. For most cultivated crops, roots meet and
overlap between the rows. The greatest concentration of fibrous roots occurs in the

top foot of soil, but significant numbers of laterals may grow downward from these
roots to provide an effective absorption system several feet deep.

Parts of a Root Internally there are three major parts of a root. The meristem is
at the tip and manufactures new cells; it is an area of cell division and growth. Behind
it, is the zone of elongation. In this area, cells increase in size through food and
water absorption. These cells, by increasing in size, push the root through the soil. The
third is the maturation zone where cells undergo changes to become specific tissues
such as epidermis, cortex, or vascular tissue. The epidermis is the outermost layer

of cells surrounding the root. These cells are responsible for the absorption of water
and minerals dissolved in water. Cortex cells are involved in the movement of water
from the epidermis and in food storage. Vascular tissue is located in the center of
the root and conducts food and water.

Externally, there are two areas of importance. Root hairs are found along the main
root and perform much of the actual work of water nutrient absorption. The root cap
is the outermost tip of the root. The meristem, the area of cell devision, is behind
the root cap and is protected by it. The root cap consists of cells that are sloughed
off as the root grows through the soil. The parts of a root are illustrated on the
next page.

Roots as Food Crops The enlarged root is the edible portion of several vegetable

crops. The sweet potato is a swollen root called a tuberous root which serves as a
food storage for the plant. Carrot, parsnip, salsify, and the radish, are elonged
taproots.
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Flowers

The flower, which is generally the showiest part of the plant has as its sole function,

sexual reproduction. Its attractiveness and fragrance have not evolved to please man

but to ensure the continuance of the species. Fragrance and color are devices to attract
pollinators, insects that play an important role in the reproductive process.

Binominal nomenclature is the scientific system of giving a double name to each plant
or animal. The first or genus name is followed by a descriptive or species name. Modern
plant classification or taxonomy, is based on a system of binomial nomenclature developed
by the Swedish physician, Carl von Linne (Linneanus). Prior to Linneaus people had
tried to base classification on the leaf shape, plant size, flower color, etc. None

of these systems proved workable. Linneaus's revolutionary approach was to base classifi-
cation on the flowers and/or reproductive parts of a plant and to give plants a genus
and species name. This has proved to be the best system since flowers are the plant
part least influenced by environmental changes. For this reason, a knowledge of the
flower and its parts is essential for anyone who is interested in plant identification.

Parts of the Flower As the reproductive part of the plant, the flower contains the
male pollen and/or the female ovule plus accessory parts such as petals, sepals, and

nectar glands.
;Pﬁt Stigma
- Style Pistil or Carpel

(Gynoecium)
Placenta } Ovar
Ovules y

Anther Stamén
Filament [ (Androecium)

\ Petal (Corolla)
Perianth

Sepal (Calyx)

Sepals are small green leaf-like structures on the base of the flower to protect the
flower bud. The sepals collectively are called the calyx.

Petals are highly colored portions of the flower. They may contain perfume as well
as nectar glands. The number of petals on a flower is often used in the identification
of plant families and genera. The petals collectively are called the corolla. Flowers

of dicots typically have sepals and /or petals in numbers of four, five or multiples

thereof. Monocots typically have these floral parts in threes or multiples of three.

The pistil is the female part of the plant. It is generally shaped like a bowling pin
and located in the center of the flower. It concicts of the stigma, style, and ovary. The
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stigma is located at the top and is connected by the style to the ovary. The ovary
contains the eggs which reside in the ovules. After the egg is fertilized the ovule
develops into a seed.

The stamen is the male reproductive organ and consists of a pollen sac called the anther
and a long supporting filament which holds the anther in position so that the pollen
it contains may be disbursed by wind or carried to the stigma by pollinating insects
or birds.

If a flower has stamen, pistils, petals, and sepals, it is called a complete flower. If
one of these parts is missing, the flower is designated incomplete. If a flower contains
functional stamens and pistils, it is called a perfect flower. These are considered
the essential parts of a flower and are involved in the seed producing process. If
either of the essential parts are lacking, the flower is imperfect. Pistillate (female)
flowers are those which possess a functional pistil or pistils but lack stamens. Staminate
(male) flowers contain stamens but no pistils.

Because cross fertilization combines different genetic material and produces stronger
seed, cross pollinated plants are usually more successful than self pollinated plants.
Consequently, more plants reproduce by cross pollination than self pollination.

There are plants which bear only male flowers (staminate plants) or bear only female
flowers (pistillate plants). Species in which the sexes are separated into staminate

and pistillate plants are called dioecious. Most holly trees are either male or female
plants. Therefore, to get berries it is necessary to have a female tree and a male
tree near by that will provide pollen. Monecious plants are ones which have separate
male and female flowers on the same plant. Corn plants and pecan trees are examples. Some
plants bear only male flowers at the beginning of the growing season but later develop
both sexes; for example, cucumbers and squash.

How Seeds Form Pollination is the transfer of pollen from an anther to a stigma. This
may occur by wind or by pollinators. Wind pollinated flowers lack showy floral parts
and nector since they don't need to attract a pollinator. Flowers are brightly colored
or patterned and contain a fragrance or nectar when they must attract insects, animals
or birds. In the process of searching for nectar, these pollinators will transfer pollen

from flower to flower.

The stigma contains a chemical which excites the pollen, causing it to grow a long
tube down the inside of the style to the ovules inside the ovary. The sperm is released
by the pollen grain and fertilization typically ocecurs. Fertilization is the union

of the male sperm nucleus from the pollen grain and the female egg found in the ovary. If
fertilization is sucessful, the ovule will develop into a seed.

Inflorescence Some plants bare only one flower per stem and are called solitary
flowers. Many produce an inflorescence, a term which refers to a cluster of flowers
and how they are arranged on a floral stem, called a peduncle. Most inflorescences
may be classified into two groups. In the racemose group, the florets, which are individual
flowers in an inflorescence, bloom from the bottom of the stem and progress toward
the top. Some examples of racemose inflorescence include spike, raceme, corymb, umbel
and head. A spike is an inflorescence in which many stemless florets are attached to
an elongated flower stem or peduncle, an example being gladiolus. A raceme is similar
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to a spike except the florets are borne in small stems attached to the peduncle. An

example of a raceme inflorescence is the snapdragon. A corymb is made up of florets
whose stalks, pedicals, are arranged at random along the peduncle in such a way that
the florets create a flat round top. Yarrow has a corymb inflorescence. An umbel is

similar except that the pedicles all arise from one point on the peduncle. Dill has

an umbel inflorescence. A head or composite inflorescence if made up of numerous stemless
florets which is characteristic of daisy inflorescence.

The second group of inflorescences is called a cyme. In this case the top floret opens
first and blooms downward along the peduncle. A dischasium cyme has florets opposite
each other along the peduncle. Baby's breath inflorescence is an example. A hilicoid
cyme is one in which the lower florets are all on the same side of the peduncle, examples
being freesia and statice inflorescences. A scorpiocle cyme is one in which the florets
are alternate to each other along the peduncle. Examples are tomatoes and potatoes

inflorescences.
X r<
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hE

Spike Raceme Corymb Umbel
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Fruits

Fruit consists of the fertilized and mature ovules called seeds and the ovary wall
which may be fleshy as in the apple or dry and hard as in a maple fruit. The only
parts of the fruit which are genetically representative of both the male flower and
female flower are the seeds (mature ovules). The rest of the fruit arises from the
maternal plant and is therefore genetically identical to that parent plant. Some fruits
have seeds enclosed within the ovary (apples, peaches, oranges, squash, cucumbers). Other
have) seeds that are situated on the periphery of fruit tissue (corn cob, strawberry
flesh).

Fruits can be classified as simple fruits, aggregate fruits, or multiple fruits. Simple
fruits are those which develop from a single ovary. These include fruits such as cherries,
and peaches (drupe), pears, and apples (pome), and tomatoes (berries). Tomatoes are
a botanical fruit since they develop from the flower as do squash, cucumbers, eggplant. All
of these fruits develop from a single ovary. Other types of simple fruit are dry. The
fruit wall in these fruits becomes papery or leathery and hard as opposed to the fleshy
examples just mentioned. Examples are peanut (legumes) poppy (capsule) maple (samara)
and walnut (nut). An aggregate fruit comes from a single flower which has many ova-
ries. The flower appears as a simple flower with one corolla, one calyx, and one stem
but with many pistils or ovaries. Examples are strawberry, raspberry, and blackberry. The
ovaries are fertilized separately and independently. If ovules are not pollinated success-
fully, the fruit will be misshapen and imperfect.

Multiple Fruit Aggregate Fruit

Fig Strawberry

Numerous achene-like Achene-like fruit imbedded
fruits develop from in fleshy receptacle
flowers which bloom

within fleshy covering,

Multiple fruits are derived from a tight cluster of separate, independent flowers borne
on a single structure. Each flower will have its own calyx and corolla. Examples of
multiple fruits are pineapple, fig, and the beet seed. Multiple fruits are not common
in Virginia.
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KINDS OF FRUIT

Bony stone
enclosing seed

Seeds Fleshy receptacle Seed

Pome Drupe

Simple Simple

Drupe-like fruit
clustered on cone shaped
receptacle

Samaras or

Schizocarp
Berry Dry Fruit
Aggregate Simple

Angular berry-like
fruit imbedded in
thickened stem

Cone composed of leaf-like
vegetative material
and dry fruit

Pineapple
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The seed or matured ovule is made up of 3 parts. The embryo is a miniature plant in
an arrested state of development. Most seeds contain a built-in food supply called

the endosperm (orchid is an exception). The endosperm can be made up of proteins, carbo-
hydrates or fats. The third part is the hard outer covering, called a seed coat, which
protects the seed from disease and insects and prevents water from entering the seed
and initiating the germination process before the proper time.

Parts of a Seed

Seed coat end;s;p;:lr; hypocotyl seed coat __ Do
P mypocetst radicle endosperm ’Q‘ hypocotyl
perisperm micropyle cotyledon .| radicle
) radicle. cotyledon
cotyledons — seed coat
Beta vulgaris : Allium cepa
Phaseolus vulgaris
(one cotyledon removed)
Seedlings

Germination is the resumption of active growth of the embryo. Prior to any visual signs,
the seed must imbibe water through the seed coat. In addition, the seed must be in
the proper environmental conditions; that is, exposed to oxygen, favorable temperatures
and for some, correct light. The radicle is the first part of the seedling to emerge
from the seed. It will develop into the primary root from which root hairs and lateral
roots will develop. The portion of the seedling between the radicle and the first leaf-like
structure is called the hypocotyl. The seed leaves, cotyledons, encase the embryo and
are usually different in shape from the. leaves that the mature plant will produce.
Plants producing one cotyledon fall into the group of monocotyledons. Plants producing
two seed leaves are called dicotyledon.

Germination of a Dicot Germination of a Monocot
Phaseolus vulgaris Allium cepa
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PLANT GROWTH AND DEVELOPMENT

The three major plant functions that are the basies for plant growth and development
are photosynthesis, respiration, and transpiration.

Photosynthesis = water + energy from sun + carbon dioxide

Water
Lost j
Oxygen % Carbon Dioxide
Sugar Oxygt’{n
7 Sugar
Energy Released

Calcium
Other elements

Nitrogen —
Phosphorous x\(\t\
Potash h‘ Water

HOW A PLANT GROWS

Photosynthesis

One of the major differences between plants and animals is the plant's ability to manufac-
ture its own food. To produce food for itself, a plant requires energy from sunlight,
carbon dioxide from the air, and water from the soil. If any of these ingredients is
lacking, photosynthesis, or food production will stop. If any factor is removed for

a long period of time, the plant will die. Photosynthesis literally means "to put together
with light." .

673 kg. - cal. of radlant energy SUGAR

—> -+~
CHLOROPHYLLOUS CELLS OXYGEN

CARBON
ploxipe * WATER

6C0,+6H,0 — CsH1205+60;
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Plants can store the energy from light in carbohydrates such as sugars and starches
for use during days when light is limited or they can transport these chemicals to
the roots. Sugars and starches are converted back to water and carbon dioxide and the
stored energy is released to perform activities necessary for growth in a process called
respiration.

Only cells in the mesophyll layer of the plant leaves and stems can manufacture energy.
These cells, which contain chloroplasts, are located between, and protected by, the
upper and lower epidermis (skin) of the leaf. The green pigment, chlorophyll, that

is found in the chloroplasts of these cells traps light energy so it can be used to
manufacture sugar and starches.

GUARD CELL
STOMA —_l / EPIDERMAL CELLS

LEAF CROSS SECTION

Photosynthesis is dependent on the availability of light. Generally speaking, as sunlight
increases in intensity, photosynthesis increases. This means greater food production. Many
garden crops, such as tomatoes, respond best to maximum sunlight. Tomato production
is cut drastically as light intensities drop. Only two or three varieties of  tomatoes
will produce any fruit at all in greenhouses in late fall and early spring months when
sunlight is minimal.
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Water plays an important role in photosynthesis in several ways. First, it maintains

a plant's turgor or the firmness or fullness of a plant tissue. Turgor pressure in

a cell can be compared to air in an inflated balloon. Water pressure or turgor is
needed in plant cells to maintain their shape and insure cell growth. Second, water

is split into hydrogen and oxygen by the energy of the sun that has been absorbed by
the chlorophyll in the plant leaves. The oxygen is released to the atmosphere and the
hydrogen is used in the manufacture of charbohydrates. Third, water dissolves minerals
from the soil, transports them from the roots and throughout the plant where they serve
as raw materials in the growth of new plant tissues. The soil surrounding a plant should
be moist but not too wet or too dry. Water is pulled through the plant by evaporation
of water through the leaves, a process called transpiration. When the guard cells in
leaves shrink thus opening the stomata, water is lost from the leaf.

The photosynthesis also requires carbon dioxide (CO2) which enters the plant through

the stomata. Carbon dioxide is split into carbon and oxygen which are used in the manu-
facture of carbohydrates. Carbon dioxide in the air is plentiful enough so that it

is not a limiting factor in plant growth. However, since carbon dioxide is consumed

in making sugars and is not replenished by plants at a rapid rate, a tightly closed
greenhouse in midwinter may not allow enough outside air to enter the greenhouse to
maintain an adequate carbon dioxide level. Under these conditions improved crops of J
roses, carnations, tomatoes, and certain other crops are produced if the carbon dioxide

level is raised with carbon dioxide generators or, in small greenhouses, dry ice.

Although not a direct component in photosynthesis, temperature is an important factor.
Photosynthesis occurs at its highest rate in a temperature range of 65 to 85 degrees
F (18 to 27 degree C) and decreases with temperatures above or below this range.

Respiration

The foods made during photosynthesis are of value to the plant when they are converted
to energy. This energy is used in the process of building new tissues or growth of
the plant. The chemical process by which the sugars and starches produced by photosynthesis
are converted to energy is called oxidation. It is similar to the burning of wood or
coal to produce heat. The controlled oxidation in a living cell is known as respiration

and is shown most simply by this equation:

C6H1206 + 602 > 6CO2 + 6H20 + Heat

This equation is just the opposite of that used to illustrate photosynthesis. Therefore,
photosynthesis may be called a building process, while respiration is a breaking down
process.
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Photosynthesis

6002 + 61-120 + energy=

sugar + 60, =
6002 + 6H20 + energy

Respiration

PHOTOSYNTHESIS AND RESPIRATION

Photosynthesis Respiration
1. Produces food 1. Uses food for plant energy
2. Energy is stored 2. Energy @s released
3. Ocecurs in cells that 3. Occurs in all cells
contain chloroplasts .
4. Oxygen is released 4. Oxygen is used
5. Water is used 5. Water is produced
6. Carbon dioxide is used 6. Carbon dioxide is produced

By now it should be clear that respiration is the reverse of photosynthesis. Unlike
photosynthesis, respiration occurs at night as well as during the day. Respiration
occurs in all life forms and in all cells. The release of accumulated carbon dioxide
and the uptake of oxygen occurs at the cell level. In animals, blood carries both carbon
dioxide and oxygen to and from the atmosphere by means of the lungs or gills. In plants,

there is simple diffusion into the open spaces within the leaf and exchange through
the stomates.

Transpiration

Transpiration is the process by which a plant loses water primarily from leaf stomata. Trans-
piration is a necessary process that involves the use of about 90% of the water that
enters the plant through the roots. The other 10% of the water is used in chemical
reactions and in plant tissues. Transpiration is necessary for mineral transport from

the soil to the plant parts, for the cooling of plant parts through evaporation, to
move sugars and plant chemicals, and for the maintenance of turgor pressure. The amount
of water lost from the plant depends on several environmental factors such as temperature,
humidity, and wind or air movement. As temperatures or air movement increase, transpiration
increases. As humidity decreases, transpiration increases.
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ENVIRONMENTAL FACTORS THAT AFFECT PLANT GROWTH

Plant growth and distribution are limited by the environment. If any one environmental
factor is less than ideal, it will become a limiting factor in plant growth. Limiting
factors are also responsible for the geography of plant distribution. For example,

only plants adapted to limited amounts of water can live in deserts. Most plant problems
are caused by environmental stress, either directly or indirectly. Therefore, it is
important to understand the environmental aspects that affect plant growth. These factors
are light, temperature, water, humidity, and nutrition.

Effect of Light on Plant Growth

Light has three principal characteristics that affect plant growth. These are light
quantity, light quality, and light duration. Light quantity refers to the intensity

or concentration of sunlight and varies with the season of the year. The maximum is
present in the summer and the minimum in winter. The more sunlight a plant receives,
up to a point, the better capacity it has to produce plant food through photosynthesis.
As the sunlight quantity decreases, the photosynthetic process decreases. Light quantity

can be decreased in a garden or greenhouse by using cheesecloth shading above the plants.
It can be increased by surrounding plants with reflective material, white backgrounds,

or supplemental lights.

Light quality refers to the color or wavelength reaching the plant surface. Sunlight
can be broken up by a prism into respective colors of red, orange, yellow, green,
blue, indigo, and violet. On a rainy day, raindrops act as tiny prisms and break the
sunlight into these colors, producing a rainbow. Red and blue light have the greatest
effect on plant growth. Green light is least effective to plants as they reflect green
light andabsorb none. It is this reflected light that makes them appear green to us. Blue
light is primarily responsible for vegetative growth or leaf growth. Red light, when
combined with blue light, encourages flowering in plants. Fluorescent light or cool
white is high in the blue range of light quality and is used to encourage leafy growth.
Such light would be excellent for starting seedlings. Incandescent light is high in
the red or orange range, but generally produces too much heat to be a valuable light
source. Fluorescent grow lights have a mixture of red and blue colors that attempts
to imitate sunlight as closely as possible, but they are costly and generally not of
any greater value than regular fluorescent lights.

Light duration refers to the amount of time that a plant is exposed to sunlight or
the lack of it and is designated photoperiod. When photoperiod was recognized it was
thought that the length of periods of light triggered flowering. The various categories
of response were named according to the light length (i.e., short day and long day). It
was then discovered that it is not the length of the light period but the length of
uninterupted dark periods that is critical to floral development. The ability of many
plants to flower is controlled by photoperiod. Plants can be classified into three
categories, depending upon their flowering response to the duration of light or dark-
ness. These are short-day, long-day, or day-neutral plants. Short-day plants form their
flowers only when the day length is less than about 12 hours in duration. Short-day
plants include many spring and fall flowering plants such as chrysanthemums and poinsettia.
Long-day plants form flowers only at day lengths exceeding 12 hours (shortnights). They
include almost all of the summer flowering plants such as rudbeckia and California
poppy, as well as many vegetables including beet, radish, lettuce, spinach, and potato.
Day-neutral plants form flowers regardless of day length. Some plants do not really
fit into any category but may be responsive to combinations of day lengths. The petunia

Botany 28



will flower regardless of the day length, but flowers earlier and more profusely under
long daylight. Since chrysanthemums flower under the short days of spring, or fall,

the method of manipulating the plant into experiencing short days is very simple. If
long days are predominant, a shade cloth is drawn over the chrysanthemum for 12 hours
daily to block out light until flower buds are initiated. To bring a long-day plant

into flower when sunlight is not longer than 12 hours, artificial light is added until
flower buds are initiated.

Effect of Temperature on Plant Growth

Temperature affects the productivity and growth of a plant, depending upon whether
the plant is a warm or cool season crop. If temperatures are high and day length is
long, cool season crops such as spinach will flower. Temperatures that are too low
for a warm season crop such as tomato will prevent fruit set. Adverse temperatures
also cause stunted growth and poor quality vegetable production; for example, bitterness
in lettuce which is caused by high temperatures.

Sometimes temperatures are used in connection with daylength to manipulate the flowering
of plants. Chrysanthemums will flower for a longer period of time if daylight temperatures
are 59 degrees F (15 degrees C). The Christmas cactus forms flowers as a result of
short days and low temperatures. Temperatures alone also influence flowering. Daffodils
are forced to flower by putting the bulbs in cold storage in October at 35 to 40 degrees
F (2 to 4 degrees C). The cold temperatures allow the bulb to mature. The bulbs are
transferred to the greenhouse in midwinter where growth begins. The flowers are then
ready for cutting in 3 to 4 weeks.

Thermoperiod refers to a daily temperature change. Plants respond to and produce maximum
growth when exposed to a day temperature that is about 10 to 15 degrees higher than
a night temperature. This allows the plant to photosynthesize (build up) and respire
(break down) during an optimum daytime temperature and to curtail the rate of respiration
during a cooler night. Temperatures higher than needed cause increased respiration,
sometimes above the rate of photosynthesis. This means that the products of photosynthesis
are being more rapidly used than they are being produced. For growth to occur, photosyn-
thesis must be greater than respiration.

Too low temperatures can produce poor growth. Photosynthesis is slowed down at low
temperatures. Since photosynthesis is slowed, growth is slowed, and this results in
lower yields. Not all plants grow best under the same temperature range. For example,
snapdragons grow best at nighttime temperatures of 55 degrees F (12 degrees C) and
the poinsettia at 62 degrees F (17 degrees C). Florist cyclamen does very well under
very cool conditions while many bedding plants prefer a higher temperature. Recently
it has been found that roses can tolerate much lower nighttime temperatures than previously
believed. This has meant a conservation in energy for greenhouse growers.

However, in some cases, a certain number of days of low temperature are needed by plants
in order to grow properly. This is true of crops growing in cold regions of the country.
Peaches are a prime example: most varieties require 700 to 1,000 hours below 45 degrees
F (7 degrees C) but above 32 degrees F (0 degrees C) before they break their rest period
and begin growth. Lilies need 6 weeks of temperatures at 33 degrees F (1 degree C)
before blooming.
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Plants can be classified as either hardy or nonhardy depending upon their ability to
withstand cold temperatures. Winter injury can occur to nonhardy plants if temperatures
are too low or if unseasonably low temperatures occur early in the fall or late in
the spring. Winter injury may also occur because of desiccation or drying out. Plants
need water during the winter. When the soil is frozen, the movement of water into the
plant is severely restricted. On a windy winter day, broadleaf evergreens can become
water-defficient in a few minutes and the leaves or needles then turn brown. Wide variations
in winter temperatures can cause premature bud break in some plants and consequent
fruit bud freezing damage. Late spring frosts can ruin entire peach crops. If temper-
atures drop too low during the winter, entire trees of some species are killed by freezing
and splitting plant cells and tissue.

Review of Temperature Effects on Plant Growth:

Photosynthesis: increases with temperature to a point

Respiration: rapidly increases with temperature

Transpiration: increases with temperature

Flowering: may be partially triggered by temperature

Sugar storage: low temperatures reduce energy use and increase sugar storage

Break dormancy: after a period of low temperature, dormancy will be broken and the
plant will resume active growth

Importance of Water

As mentioned earlier, water is a primary component in photosynthesis. It maintains
the turgor pressure or firmness of a tissue and transports nutrients throughout the
plant. In maintaining turgor pressure, water is the major constituent of the protoplasm
of a cell. By means of turgor pressure and other changes in the cell, water regulates
the opening and closing of the stomates, thus regulating transpiration. Water also
provides the pressure to move a root through the soil. Among water's most critical
roles is that of solvent for minerals moving into the plant and for carbohydrates moving
to their site of use or storage. It is important in the chemical reactions of photosynthesis
and respiration. By its gradual evaporation around the surface of the leaf near the
stomate it helps to stabilize the temperature of the plant.

Relative Humidity is the ratio of water vapor in the air at a given temperature and
pressure, to the amount of water the air could hold at that temperature and pressure,
expressed as a percent. For example, if a pound of air at 75 degrees F could hold 4
grams of water vapor and there are only 3 grams of water in the air, then the relative
humidity (RH) is :

RH=water in air/ water air could hold (at constant temperature
and pressure)
or RH = 3/4 =.75 expressed as a %

75%

Warm air can hold more water vapor than cold air, therefore, if the amount of water
in the air stays the same and the temperature increases, the relative humidity decreases.

Water vapor will move from an area of high relative humidity to one of low relative
humidity. The greater the difference in humidity the faster water will move.
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The relative humidity in the air space between the cells within the leaf approaches
100%, therefore when the stomate is open the water vapor rushes out. As water moves
out a bubble of high humidity is formed around the stomate. This "bubble" of humidity
helps slow down transpiration and cool the leaf. If winds blow the humidity bubble
away, transpiration will increase.

nmmxmlmnnml
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Cross section of leaf
Dots represent relative humidity

PLANT NUTRITION

Many people confuse plant nutrition with plant fertilization. Plant nutrition refers

to the needs and uses of the basic chemical elements in the plant. Fertilization is
the term used when these materials are supplied to the environment around the plant.
A lot must happen before a chemical element, supplied in a fertilizer, can be taken
up and used by the plant.

Plants need 17 elements for normal growth. Carbon, hydrogen, and oxygen are found in
air and water. Nitrogen, potassium, magnesium, calcium, phosphorous, and sulfur are
found in the soil. The above six elements are used in relatively large amounts by the
plant and are called macronutrients. There are eight other elements that are used in
much smaller amounts and are called micronutrients or trace elements. The micronu-
trients, which are found in the soil, are iron, zinc; molybdenum, manganese, boron,
copper, cobalt, and chlorine. All 17 elements, both macronutrients and micronutrients,
are essential for plant growth.

Most of the nutrients that a plant needs are dissolved in water and then absorbed by
the roots. Ninety-eight percent of these plant nutrients are absorbed from the soil
solution and only about 2% are actually extracted from the soil particles by the root.
Most of the nutrient elements are absorbed as charged ions, or pieces of molecules
(which are the smallest particle of a substance that can exist and still retain the
characterictics of the substance). Ions may be positively charged cations or negatively
charged anions. Positive and negative are equally paired so that there is no overall
charge. For example, nitrogen may be absorbed as nitrate (NO3~) which is an anion with
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one negative charge. The potassium ion (K+) is a cation with one positive charge. Potassium
nitrate (K*NOg3~) would be one nitrate ion and one potassium ion. However, caleium nitrate J

(Cat++(NO3~ )2 ) would have two nitrate ions and one calcium ion because the ecalcium
cation had two positive charges.

The balance of ions in the soil is very important. Just as ions of the opposite charges
attract each other, ions of similar charges compete for chemical interactions and reactions

in the environment. Some ions are more active than others or can compete better. For
example, both calcium (Ca*+) and magnesium (Mgt++) are cations with two charges, however,
magnesium is more active. If both are in competition to be absorbed, the magnesium
will be absorbed. This explains why the results of a soil test may indicate that while
there is sufficient calcium in the soil the plant may still exhibit a calcium deficiency
because of an excess of the more active magnesium. What may be expressed as a deficiency
in one micronutrient may really be caused by an excess of another.

In order for the ions to be easily absorbed, they must first be dissolved in the soil
solution. Some combinations of ions are easily dissolved, such as potassium nitrate. When
other ions combine, they may precipitate or fall out of solution and thus become unavailable
to the plant. Many of the micronutrients form complex combinations with phosphorous
and calcium and precipitate out of the soil solution so the nutrients cannot be easily
taken up by the plant. The pH, which is a measurement of acidity or alkalinity, greatly
affects these chemical reactions. If the soil pH is extremely high (alkaline), many

of the micronutrients precipitate out of the solution and are unavailable to the plant. When
the soil pH is extremely low (acid), some of the micronutrients become extremely soluble
and ion levels may become high enough to injure the plant. The effect of pH varies
with the ion, the types of ions in the soil, and the type of soil. Therefore, not only
is the amount of the nutrient important, but also the soil pH. J

The water and oxygen in the soil must also be in available form. Since nutrients are
taken up with water, there must be sufficient water for the plant to absorb. Water
is taken into the plant both passively and actively. Water that is taken in passively
requires no energy output by the plant. It flows through the plant due to differences
in concentration between the soil solution and the liquid within the cell. Water that
is actively absorbed requires energy from the plant. If there is no oxygen available,
sugar cannot be burned to produce energy and therefore the nutrients cannot be absorbed.

Anything that lowers or prevents the production of sugars in the leaves can lower nutrient
absorption. If the plant is under stress, due to low light or extremes in temperature,
nutrient deficiency problems may develop. The stage of growth or how actively the plant
is growing may also affect the amount of nutrients absorbed. Many plants go into a
rest or dormancy during part of the year. During this rest period, few nutrients are
absorbed. Plants may also absorb different nutrients just as flower buds begin to develop.

Nutrients transported from the root to the cell by the vascular system move into the
cell across a cell membrane. There are three different ways this happens. First, an
entire molecule or ion pair may move through the membrane. If the cell is using energy
or active transport to absorb the ions then only one of the ions of the pair is pulled
into the cell. The other will follow to keep the number of positive and negative charges
even. Most anions (negative ions) are actively absorbed.
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The second way of keeping the charges inside the cell balanced and absorbing a new
ion is to exchange one charged ion for another one of the same charge. The hydrogen
ion (H+) is often released from the cell so that the cell can absorb another positive
ion such as the potassium ion (K+). Since this is a simple exchange or passive, absorption
energy may not be required. Cations or positive ions may be passively absorbed by this
method.

Both of the methods mentioned above may be passive or active. However, the third method,
the carrier system, is always active absorption, requiring energy. Scientists have
discovered that within the cell membrane there are specialized chemicals that act as
carriers. The carrier, through chemical changes, attracts an ion outside the cell membrane

and releases it inside the cell. Once the ion is inside the cell, it is attached to

other ions so that it does not move out of the cell. Complex chemical reactions are
involved in the entire process.

Although nutrients can be absorbed passively, research has shown that active absorption
must take place if the plant is to grow and be healthy. The factors we discussed earlier
about absorption by the root are also true for absorption by the cell. Here is a quick
review of some of the factors that affect nutrient absorption: type of ion, pH, solubility
of ion pairs, water, soil oxygen, sugar supply, plant stress, and temperature.

Foliar Absorption: A Special Case Under normal growing conditions, plants absorb most
nutrients, except carbon, hydrogen and oxygen, from the soil. However, some nutrients
can also be absorbed by the leaves if a dilute solution is sprayed on the leaves. The
factors that affect absorption by the cell are still important because the nutrient

must enter the cell to be used by the plant. Care must be taken that the concentration
of the nutrient is not too high or the leaf will be injured. Also, the leaf is covered

by a thin layer of wax called the cuticle that the nutrient must get around or through
before it can enter the cell.
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MACRONUTRIENT OUTLINE J
Nitrogen(N)

absorbed as NO3-, NH4+
leaches from soil especially NO3-
mobile in plant.
Nitrogen excess:
succulent growth, dark green color, weak spindly growth, few fruits, may cause brittle
growth especially under high temperatures.
Nitrogen deficiency:
reduced growth, yellowing (chlorosis), reds and purples may intensify with some
plants, reduced lateral breaks. Symptoms appear first on older growth.
action notes:
in general best NH4*/NO3- ratio is 1/1.
high NH4+ under low sugar conditions (low light) can cause leaf curl.
uptake inhibited by high P levels.
N/K ratio extremely important.
indoors best N/K ratio is 1/1 unless light is extremely high.
in soils with high CHO/N ratio more N should be supplied.

Phosphorus (P)

absorbed as H2PO4-, HPO4-
does not leach from soil readily
mobile in plant. ,
Phosphorus excess: J
shows up as miecronutrient deficiency of Zn, Fe, or Co
Phosphorus deficiency:
reduced growth, color may intensify, browning or purpling in foliage in some plants,
thin stems, reduced lateral breaks, loss of lower leaves, reduced flowering.
action notes:
rapidly "fixed" on soil particles when applied under acid conditions fixed with Fe,Mg
and Al. Under alkaline conditions fixed with Ca. Important for young plant and seedling
growth. High P interferes with micronutrient absorption and N absorption. Used in
relatively small amounts when compared to N and K. May leach from soil high in bark
or peat.

Potassium (K)

absorbed as K+
leaches from soil.
mobile in plant.
Potassium excess:
causes N deficiency in plant and may affect the uptake of other positive ions
Potassium deficiency:
reduced growth, shortened internodes, marginal burn or scorch (brown leaf edges),
necrotic (dead) spots in the leaf, reduction of lateral breaks and tendency to wilt
readily.
action notes:
N/K balance is important.
high N/low K favors vegetative growth; low N/high K promotes reproductive growth J
(flower, fruit).
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Magnesium (Mg)

absorbed as Mg++
leaches from soil.
mobile in plant.
Magnesium excess:
interferes with Ca uptake.
Magnesium deficiency:
reduction in growth, marginal chlorosis, interveinal chlorosis (yellow between the
veins) in some species. May occur with middle or lower leaves, reduction in seed
production, cupped leaves.
action notes:
Mg is commonly deficient in foliage plants because it is leached and not replaced.
Epson salts at a rate of 1 teaspoon per gallon may be used 2 times a year. Mg can
also be absorbed by leaves if sprayed in a weak solution. Dolomitic limestone
can be applied in outdoor situations to rectify a deficiency.

Caleium (Ca)

absorbed as Ca++
moderately leachable.
limited mobility in plant.

Caleium excess:
interferes with Mg absorption
high Ca usually causes high pH which then precipitates many of the micronutrients
so that they become unavailable to the plant.

Calcium deficiency:
inhibition of bud growth, death of root tips, cupping of maturing leaves, weak
growth, blossom end rot of many fruits, pits on root vegetables.

action notes:
Ca is important to pH control and is rarely deficient if the correect pH is maintained.
Water stress, too much or too little, can affect Ca relations within the plant causing
deficiency in the location where Ca was needed at the time of stress.

Sulfur (S)

absorbed as S04~
leachable.
not mobile.
Sulfur excess:
sulfur excess is usually in the form of air pollution.
Sulfur deficiency:
S is often a carrier or impurity in fertilizers and rarely deficient. It may be
also absorbed from the air and is a by-product of combustion. Symptoms are a general
yellowing of the affected leaves or the entire plant.
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MICRONUTRIENT OUTLINE

The majority of the micronutrients are not mobile thus the deficiency symptoms are J
usually found on new growth. Their availability in the soil is highly dependant upon

the pH and the presence of other ions. The proper balance between the ions present

is important as many microelements are antagonistic to each other. This is especially

true of the heavy metals where an excess of one element may show up as a deficiency
of another. If the pH is maintained at the proper level and a fertilizer which contains
micronutrients is used once a year, deficiency symptoms are rarely found on indoor

plants, with the exception of iron. Many of the microelements are enzyme activators.

Iron (Fe)
absorbed as Fe++, Fet+++
Iron deficiencies:
Interveinal chlorosis primarily on young tissue which may
develop to white.
Fe deficiency may be found under the following conditions
even if Fe is in the soil:
soils high in Ca, poorly drained soil, soil high in
Mn, high pH, high P, soil high in heavy metals (Cu,Zn)
oxygen deficient soils or when nematodes attack the
roots.
Fe should be added in the chelate form, the type of chelate
needed depends upon the soil pH.
Iron toxicity:
rare except on flooded soils.

Boron (B) J

absorbed as BO3-
Boron deficiency:
failure to set seed, internal breakdown, death of apical
buds.
Boron excess:
blackening or death of tissue between veins.

Zine (Zn)
absorbed as Znt+
Zinc deficiency:
Mittle leaf," reduction in size of leaves, short internodes,

distorted or puckered leaf margins, interveinal chlorosis.
Zinc excess:

appears as Fe deficiency.
interferes with Mg.

Copper (Cu)
absorbed as Cu++, Cu+
Copper deficiency:
new growth small, misshappen, wilted. May be found in some
peat soils.
Copper excess:
can occur at low pH. Shows up as Fe deficiency.
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Manganese (Mn)
absorbed as Mn++

Manganese deficiency:
interveinal chlorosis of leaves followed by brown spots
producing a checkered effect

Manganese excess:
reduction in growth, brown spotting on leaves. Shows up
as Fe deficiency. Found under acid conditions.

Molybdenum (Mo)
absorbed as MoO4-

Molybdenum deficiency:
interveinal chlorosis on older or midstem leaves, twisted
leaves (whiptail)

Chlorine (Cl1)
absorbed as Cl-
Chlorine deficiency:
wilted leaves which become bronze then chlorotic then die;
club roots.
Chlorine toxicity:
salt injury, leaf burn, may increase succulence.

Cobalt (Co)
absorbed as Co*+
need Dby plants recently established
essential for Nitrogen fixation
little know about deficiency or toxicity symptoms

FERTILIZERS

Fertilizers are materials containing plant nutrients, that are added to the environment
around the plant. Generally, they are added to the water or soil, but some can also
be added to the air or sprayed on the leaves. Fertilizers are not plant food! Although
it is common practice for many fertilizers to be called plant food, this is a
misnomer. Plants produce their own food using water, carbon dioxide, and energy from
the sun. This food, sugars and carbohydrates, is combined with the plant nutrients

to produce protein, enzymes, vitamins and other elements essential to plant growth. For
more information see the fertilizer section of soils.
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BASICS OF ENTOMOLOGY
INTRODUCTION

Insects and mites are among the oldest and most numerous animals on earth. Nobody knows
just how many types of insects there are, but it is estimated that over 100,000 different
kinds live in North America. In the typical backyard, there are probably 1,000 insects

at any given time. While those insects which cause problems for man are the ones you
hear about, the vast majority are either beneficial or harmless. Insects pollinate

most fruits and vegetables. They provide food for birds and fishes. Some produce such
useful products as: honey, wax, shellac, and silk. They feed upon other insects.

The insects that cause damage eat about one tenth of our crops each year and spread
plant diseases to an unknown portion. They spread diseases among people as well. If

it were not for chemical and cultural control methods, our losses would be much greater
than they are.

This chapter is designed to acquaint you with the basiec principles that apply to identi-
fication of insects and mites on horticultural crops, and to familiarize you with the
more commonly encountered insects.

BASICS OF CLASSIFICATION

The Animal Kingdom has major divisions known as phyla. Several of the phyla which contain
agricultural pests are:

o Arthropoda (insects, spiders, crayfish, millipedes)
o Aschelminthes (roundworms, trichina)

0 Platyhelminthes (flatworms, flukes, tapeworms)
(o] Mollusca (snails, slugs, clams)

We are primarily concerned with the Arthropoda, which represents more than three fourths
of the animal species known to exist. Arthropods have certain characteristics in common;
they are segmented and their skeletons are on the outside of their bodies.

The Arthropods are divided into classes. Table 1 describes a few of the more important
classes. The more important orders of the class Insecta are described in Table 2.

Most of the names of insect orders have the ending '"ptera" which means that the insect
possesses wings in the adult stage. The characteristics which separate insects into
various orders are easily seen without magnification. Mouthparts, wings, and type of
metamorphosis are identifying characteristies.

Each order consists of several families. The family is the next and more finite grouping

of very closely related insects. Family names end with "idae." Aphidae (aphids), ‘Muscidae
(house flies), and Blattidae (cockroaches) are examples of families of insects.
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Table 1.
Class

Crustacea

Arachnida

Symphyla

Insecta

Table 2.

Order
Collembola

Orthoptera

Isoptera

Thysanoptera

Hemiptera

Homoptera

Coleoptera

Lepidoptera

Hymenoptera

Diptera

Siphonoptera

Dermoptera

Thysamera

Classes of the Phylum

Examples

Crayfish
Sowbugs

Spiders,
Mites, Ticks
Daddy Longlegs

Symphalans

Bugs, Beetles
Butterflies

Orders of the Class Insecta

Common

.Name

Springtales

Crickets,
Grasshoppers

Termites

Thrips
True Bugs
Aphids

Scale

Beetles,
Weevils

Butterflies
Moths

Bees, Wasps
Ants

Flies

Fleas

Earwig

Silverfish

Arthropoda
Body Pairs Agricultural
Segments of Legs Importance
2 ) Sowbugs can
be minor pests
2 4 Some mites
are major
plant pests
2 12 Symphylans
can be serious
pests
3 13 Large number
are pests
Me tamor -
phosis Mouthparts wWings
none chewing none
gradual chewing 2 pair
gradual chewing 2 pair
gradual rasping- 2 pair
sucking
gradual piercing- 2 pair
sucking
gradual piercing- 2 pair
sucking
complete chewing 2 pair
complete chewing or 2 pair
siphoning
complete chewing 2 pair
or none .
complete chewing or 1 pair
piercing-
sucking
complete chewing or none
piercing-
sucking
gradual chewing 2 pair
gradual chewing none



Families are further divided into Genus and Species. The most commonly found insects
also acquire common names by which most people know them. Sometimes one species will
have several common names. Heliothis zea is an example; on corn it is called the corn
earworm, but when it is a pest on tomatoes it is the tomato fruitworm. The house fly,
Musca domestica, serves here as an example of classification:

Phylum: Arthropoda
Class: Insecta
Order: Diptera
Family: Muscidae
Genus: Musca
Species: domestica
common name: house fly

Most common names of insects refer to large groups, such as families or orders, rather
than individual species. The term beetle refers to the entire order Coleoptera, which

includes thousands of different species. However, the name fly and bug are used for

insects in more than one order. When the bug of an insect's name is written separately
(for example, stink bug or lace bug), the insect belongs to the order Hemiptera, which
is often referred to as the true bugs.

Since there are many insect species, and because many of them are small and seldom
encountered, relatively few have common names. Those which do are either particularly
showy insects, such as the luna moth and tiger swallowtail, or they are economically
important species like the honey bee and the southern pine beetle.

INSECT FORM AND STRUCTURE - MORPHOLOGY

Insects possess the following characteristics: a) three body regions; b) three pairs

of legs; c) one pair of antennae; and d) none, one or two pairs of wings. Legs and
other appendages are often greatly modified to suit the environment in which the insect
lives.

The Insect Body

Head, Thorax, Abdomen While the adult insect's body is made up of three parts (head,
thorax, and abdomen), the division is not always obvious between thorax and abdomen.
An insect's body is not supported by a bony skeleton but by a tough body wall or exo-
skeleton. The tough covering of skin is referred to as the cuticle. The cuticle contains

a layer of wax which determines its permeability to water (even to insecticides) and
prevents desiccation or drying. The cuticle of each segment is formed into several
hardened plates called sclerites, separated by infolds or sutures which give it flexibility.

The cuticle of the larva is not usually as hardened as that of the adult.

The thorax is made up of three segments: prothorax, mesothorax, and metathorax. Each
of these segments bears a pair of legs. The wings are attached to the mesothorax and
metathorax, never to the prothorax or first segment. The thickened front wings of beetles
serve as protective covering, and cover the wings when not flying.
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wings J

abdomen

antenna

PARTS OF AN INSECT

The abdomen may have eleven or twelve segments, but in most cases they are difficult
to distinguish. Some insects have a pair of appendages at the tip of the abdomen.
They may be short, as in grasshoppers, termites, and cockroaches; or extremely long,

as in mayflies; or curved, as in earwigs.

Legs The most important characteristic of insects is the presence of three pairs

of jointed legs. These are almost always present on adult or mature insects and are
generally present in the other stages as well. In addition to walking and jumping,

insects often use their legs for digging, grasping, feeling, swimming, carrying loads, J
building nests, and cleaning parts of the body. The legs of insects vary greatly in

size and form and are much used in classification.

Leg Adaptations of Some Insects.

A. Running (ground beetle); B. Jumping (cricket); C. Digging (mole cricket); D. Walking

on grass (walkingstick); E. Swimming (whirligig beetle); F. Grasping (praying mantid);

G. Hanging on to hairs (louse); H. Suection cups (diving beetle). J
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PROLEGS

Prolegs (fleshy body projections) occur only in larvae and are used for clinging
to plants.

Wings Venation, or arrangement of the veins of the wings, is different for each species

of insect; thus, it serves as a means of identification. Systems have been devised

to designate the venation for descriptive purposes. Wing surfaces are covered with

fine hairs or scales, or they may be bare. It will be noted that the names of the orders

in the majority of cases end in "ptera", which comes from the Greek word meaning wing.
Thus, each of these names denotes some feature of the wings. Hemiptera means half winged;
Hymenoptera means membrane winged; Diptera means two winged.

T rrir
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Some Insect Wings Showing Venation
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Antennae and Mouthparts The main features of the insect's head are the eyes, antennae,
and mouthparts. The antennae are a prominent and distinctive feature of insects, and
one pair is always present on the adult's head (except in the scale insects at times);
they are usually located between or in front of the eyes. Antennae are segmented, vary
greatly in form and complexity, and are often referred to as horns or feelers, which
is misleading. They are primarily organs of smell but serve other functions in some
insects.

Some Types of Insect Antennae

A. Cockroach (ciliate); B. Longhorn Beetle; C. Assassin Bug (filiform); D. Stylopid;
E. Bark Beetle (capitate); F. Scarab Beetle (lamellate); G. Butterfly (clubbed);

H. Moth (bipectinate); I. Chironomid Fly (plumosa); J. Horse Fly; K. Mosquito: male
on left, female on right.

The most remarkable structural feature of insects and the most complicated is the mouth.
There are many variations in form and function of the mouthparts, but they fall into
two basic types: those for chewing and those for sucking. The chewing type is the

more primitive and is better developed. While they differ considerably in appearance,

the same basic parts are generally found in both types, (though sucking types may be
greatly modified).
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There are intermediate types of mouthparts: rasping-sucking, as found in thrips; and
chewing-lapping, as found in honey bees, wasps, and bumble bees. Sucking types are
greatly varied. Piercing-sucking mouthparts are typical of the Hemiptera (bugs), Homoptera
(aphids, scales, mealybugs), blood-sucking lice, fleas, mosquitoes, and the so-called
biting flies. In the siphoning types, as seen in butterflies and moths, the mandibles
are wanting and the labium and maxillary palpi greatly reduced. House flies have sponging
mouthparts. )

The mouthparts of immature insects tend to be more varied than in the adults, although
nymphs have mouthparts similar to those of the adults. Larval forms generally have
the chewing type regardless of the kind possessed by the adults. For some adult insects
the mouthparts are vestigial (no longer used for feeding).

p LABIAL MAXILLARY
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Some Types of Insect Mouthparts

A. Chewing (beetle-top view); B. Chewing-lapping (bee-front view), with proboscis
retracted; C. Siphoning (butterfly-side view), with probosecis uncoiled; D. Sponging
(house fly-side view); E. Piercing-sucking (flea-front view).
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INSECT DEVELOPMENT - METAMORPHOSIS J

One of the distinctive features of insects is the phenomenon called metamorphosis.

The term is a combination of two Greek words: meta, meaning change and morphe, meaning
form. It is commonly defined as a marked or abrupt change in form or structure and
refers to all stages of development. In the case of complete or complex metamorphosis
the stages are: egg, nymph, and adult. In some insects, fertilization of the egg by
sperm is not necessary for reproduction. This type of reproduction is known as partheno-
genesis. Bees, ants, wasps, and aphids are notable examples of insects that can reproduce
by parthenogenesis. In higher animals, the most important development takes place before
birth (in the embryonic stage); in insects, it occurs after birth. The larval period

is primarily one of growth, of feeding and storing up food for the pupal and adult
stages which follow. Many insects feed very little, some not at all, during their adult
lives.

The young insect (larva or nymph) sheds its coat (molts) at various stages of growth,
since it outgrows the hard covering or cuticle more than once. Most insects do not
grow gradually as many other animals do. They grow by stages. When the old coat gets
too tight, it splits open and the insect crawls out, protected by a new and larger

coat that has grown underneath the old one. The stage of life between each molt is
called an instar. Following each molt, the insect increases its feeding. This is noticeable

in the damage done to plants and in the size of the insect's fecal pellets. The number
of instars, or frequency of molts, varies considerably with species and to some extent
with food supply, temperature, and moisture.

The pupal stage is one of profound change, a transformation from larva to adult. Many \
tissues and structures, such as prolegs, are completely broken down and true legs, J
antennae, wings, and other structures of the adult are formed.

Hibernation takes place during the winter season. It may occur in the egg, larval,
pupal, or adult stage, according to species. It is the insect's way of adjusting to
low temperatures and dwindling food supply. Many insects start preparing for winter
before the end of summer. This behavior is triggered by seasonal variation in the amount
of daylight (photoperiod).

The adult insect does not grow in the usual sense, but it does change since many insects
are not mature when they emerge from the pupa. The adult period is primarily one of
reproduction and is sometimes of short duration. Their food is often entirely different
from that of the larval stage.

Some insects do not go through an metamorphosis but rather gradually increasein size

while mantaining the same characteristics. Others experience a gradual metamorphosis,
going through a nymph stage.

Entomology 8



Different
Types of
Insect
Metamorphosis

e T —=WITHOUT METAMORPHQOSIS

Orders

PROTURA
DIPLURA
THYSANURA
COLLEMBOLA

ﬁﬁﬁ%iﬁ

Egg Young

Orders <«

DICTYOPTERA

ORTHOPTERA
ISOPTERA
DERMAPTERA
PSOCOPTERA
ZORAPTERA
THYSANOPTERA
MALLOPHAGA
ANOPLURA
HEMIPTERA
HOMOPTERA

——a GRADUAL METAMORPHOSIS

Egg Nymphs Adult

—
Orders
EPHEMEROPTERA

ODONATA
PLECOPTERA

——«INCOMPLETE METAMORPHOSIS

Orders <

MEGALOPTERA
NEUROPTERA
COLEOPTERA
MECOPTERA
TRICHOPTERA
LEPIDOPTERA
DIPTERA
SIPHONAPTERA
HYMENOPTERA




IDENTIFYING INSECTS

Most home gardeners can classify an insect by the common name of its order, identifying
it as a beetle or wasp or butterfly. Knowing the insect orders allows access to much
valuable information typical to many insects in the same order. This information would
include the type of mouthparts the insect has (this tells us how it feeds and gives
clues towards methods of econtrol), its life cycle (and proper timing for best control),

and type of habitation. As the interested person leaves the category of family, however,
it becomes very difficult to identify all but the most common of the insect correctly
without a magnifying instrument such as a dissecting microscope and a good insect key.
A key is a list of traits used to facilitate identification.

SPECIFIC INSECT ORDERS
This section will be concerned with identifying insect orders. These orders will be
divided into two sections: those orders that contain insects important to the home
gardener and orders that contain insects of lesser importance to the home gardener.
Insect Orders Important to the Gardener

a. Coleoptera - Beetles, Weevils.

(1) Adults have hardened, horny outer skeleton.

(2) Adults have two pairs of wings, the outer pair hardened and the inner pair
membranous. A few beetles are practically wingless, and some have only
an outer hard pair of wings.

(3) Chewing mouthparts.

(4) Adults usually have noticeable antennae.

(5) Larvae with head capsule, 3 pairs of legs on the thorax with no legs on
the abdomen. (Weevil larvae lack legs on the thorax).

(6) Complete metamorphosis.

METAMORPHOS 1S
OF A
BEETLE
B m&'a
70
EGGS ‘ LARVA
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COLEQCPTERA

Rove Reetle -
Rove Beetle Click Peetle

Longhom

Sced Beetle

Weevil Leaf Bectle Woodborer Flour Beetle Carrion Beetle

b. Dermaptera - Earwigs.

(1)
(2)
(3)
(4)
(5)
(6)

Adults are moderately sized insects.

Chewing mouthparts.

Gradual metamorphosis.

Elongate, flattened insects with strong, movable forceps on the rear end.
Short, hardened outer wings and folded, membranous inner wings.

Adults and nymphs similar in appearance.

METAMORPHOSIS
OF AN
EARWIG
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c. Diptera - Flies, Mosquitoes, Gnats, Midges.
(1) Adults have only one pair of wings, are rather soft-bodied and often hairy.
(2) Adults have sponging (housefly) or piercing (mosquito) mouthparts.
(3) Larvae may have mouth hooks or chewing mouthparts.
(4) Most larvae are legless.
(5) Larvae of advanced forms, housefly and relatives, have no head capsule,
possess mouth hooks, and are called maggots; lower forms such as mosquito

larvae and relatives have a head capsule.

(6) Complete metamorphosis.

DIPTERA

Mosquito

Flower Fly

Vinegar Fly

METAMORPHOSIS
OF A FLY

-
S — (> —

EGGS LARVA (Maggot) PUPA
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d. Hemiptera - Stinkbug, Plant Bug, Squash Bug, Boxelder Bug.

(1)

(2)
(3)
(4)
(5)
METAMORPHOSIS

OF A

BUG

EGGS

Have gradual metamorphosis. Stages are egg, nymph, adult.

Have two pairs of wings; the second pair is membranous, the first pair
membranous and thickened on basal half.

Adults and nymphs usually resemble one another.
Have piercing-sucking mouthparts.

Adults and nymphs are both damaging stages.

HEMIPTERA

Plant Bug Water Bug

e. Homoptera - Scale Insects, Mealybugs, Whiteflies, Aphids, Cicadas, Leafhoppers.

(1)
(2)
3)
(4)
(5)

Generally small, soft bodied insects; cicadas may be large and hard bodied.
Winged and unwinged forms.

All stages have sucking mouthparts.

Have gradual metamorphosis.

Many are carriers of plant pathogens.

METAMORPHOSIS
OF AN
APHID
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HOMOPTERA

Scale Insects

Mealybug

iy

Trechopper Whitefly Leathopper
male female

f. Hymenoptera - Bees, Ants, Wasps, Sawflies, Horntails.
(1) Adults with two pairs of membranous wings.

(2) Larvae with no legs (wasps, bees, ants), or with legs on thorax and abdomen
(some sawflies).

(3) Generally with chewing mouthparts.
(4) Rather soft bodied or slightly hardened bodied adults. o

(5) Complete metamorphosis.

HYMENOPTERA

Homtail

O
METAMORPHOSIS 00 1,
OF AN
ANT —_ 0 00 - —) e 4
EGGS LARVA PUPA J
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g. Lepidoptera - Butterflies, Moths.
(1) Adults soft bodied with four well developed membranous wings covered with
small scales.
(2) Larvae with chewing mouthparts.
(3) Adult mouthparts a coiled, sucking tube, and feed on nectar.
(4) Larvae are caterpillar, worm like, variable in color and voracious feeders.
(5) Larvae generally have legs on the abdomen, as well as the thorax.

(6) Complete metamorphosis.

LEPIDOPTERA

Cabbageworm

Polyphemus Moth

. Codling Moth
Skippurs

Meal Moth

METAMORPHOSIS
OF A
MOTH

=

¢

—
\____J
\_/

PUPA

ADULT
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h. Neuroptera - Lacewings, Antlions, Snakeflies, Mentispids, Dobsonfly, Dustywing,
Alderfly. ’

(1)
(2)
(3)
(4)

NEUROPTERA

Insect predators, many are aquatic.
Two pair of similar wings.
Chewing mouthparts.

Complete metamorphosis.

Antlion

Dobsonfly

Lacewing

i. Orthoptera - Grasshopper, Cricket, Praying Mantid.

)
(2)
(3)

(4)
(5)

(6)

.
R

EGG
Entomology

Adults are moderate to large, often rather hard bodied.
Have simple metamorphosis.

Adults usually have two pairs of wings. Forewings are elongate, narrow
and hardened; hindwings are membranous with extensive folded area.

Chewing mouthparts. Both adults and nymphs are damaging.

Hind legs of forms other than cockroaches and walking sticks enlarged for
jumping.

Immature stages are called nymphs and resemble adults, except for being
wingless.

METAMORPHOSIS
OF A
GRASSHOPPER




ORTHOPTERA

jo Thysanoptera - Thrips.

(1)
(2)
(3)
(4)
(5)

Adults are small, soft bodied insects.

Mouthparts are rasping-sucking.

Varied metamorphosis (a mixture of complete and gradual).
Found on flowers or leaves of plants.

Wings in two pairs, slender, fringed with hairs.

THYSANOPTERA

Thrips
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Inseet Orders of Lesser Importance to the Home Gardener

Order Examples
(1) Anoplura sucking lice
(2) Collembola springtails
(3) Diplura no common examples
(4) Ephemeroptera Mayflies
(5) Embioptera webspinners
(6) Isoptera termites
(7) Mallophaga chewing lice
(8) Mecoptera scorpionflies
(9) Odonata dragonflies and damselflies
(10) Plecoptera stoneflies
(11) Protura no common examples
(12) Psocoptera booklice
(13) Siphoneptera fleas
(14) Strepsiptera no common examples
(15) Thysanura silverfish and bristletails
(16) Trichoptera caddisflies
(17) Zoraptera no common examples

Other Insect Like Creatures

A number of noninsect pests may be found in the field and home. These include: )
1. Spiders, Spider Mites, Ticks, and Scorpions - ARACHNIDA

a. Spider mites: tiny, soft bodied animals with two body regions, thick waists,
four pairs of legs, and are without antennae.

Common species:

(1) The two spotted mite and near relatives, the Pacifie, Atlantic, and
McDaniel spider mites: the mites have two spots on the back and have
tail end spots in some species. They may be clear, green, orange,
or reddish. Usually hard to observe without a hand lens.

(2) The European red mite: This mite is carmine red with white spines.

(3) The brown mite and clover mite: these mites are brownish or grayish,
flat and have very long front legs.

b. Spiders: Resemble mites except that most are larger and the two body regions
are more clearly distinet from one another (thin waist). Most
spiders are beneficial predators.

Common pest species:

(1) The black widow spider: This is a dangerous spider. It is a shy individual _
that likes dank, dark places and spins a characteristically messy J
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2.

3.

S.

web. It is normally a shiny black, moderately sized spider with a
reddish or orange hourglass marking on the underside of the abdomen.
Males and immature females can have stripes of red, yellow, and black
on the abdomen.

(2) The brown recluse spider: This is a very poisonous spider which is
often confused with harmless wolf spiders and other hunting spiders.
It can easily be recognized by a distinet brown fiddle case on a light
brown or grayish background.

c. Ticks: Resemble large mites and are important in agriculture and medicine
in that they are parasites of man and animals.

Millipedes - DIPLODA

These are elongate invertebrates with two visible body regions, a head and a
body. They are generally rounded in cross section and, with the exception of
the first four or five segments, all of the body segments possess two pairs
of legs. They are also relatively slow moving. Millipedes are generally inoffensive
creatures that feed on fungus and decaying plant material. At times, they can
be fairly destructive to vegetables or other plants in greenhouses.

Centipedes - CHILOPODA
Centipedes strongly resemble millipedes. They are different in that they have
longer antennae, are flattened in cross section, have but one pair of legs on

each body segment, and move rapidly. They are beneficial in that they are predators
on other arthropods.

Sowbugs and Pillbugs - CRUSTACEA

These are oval with a hard convex outer shell made up of a number of plates.
Sowbugs are highly dependent on moisture. Generally, they feed on decaying plant
material, but they will attack young plants in greenhouses and gardens.

Garden Centipede or Symphylan - SYMPHYLA

Members of this group resemble tiny centipedes. Generally, they are a pest of
plants that grow in damp soils rich in organic matter.
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TYPES OF INJURY

Scale nvecty

Cote: pb“D'
Egg Momn

/‘“%J)

Blotch
Leaf Miners

Injury by Chewing Insects

Insects take their food in a variety of ways. One method is by chewing off the external
parts of a plant. Such insects are called chewing insects. It is easy to see examples
of this injury. Perhaps the best way to gain an idea of the prevalence of this type
of insect damage is to try to find leaves of plants which have no sign of injury from
chewing insects. Cabbageworms, armyworms, grasshoppers, the Colorado potato beetle,
the pear slug, and the cankerworm are common examples of insects that cause injury
by chewing.

Injury by Piercing Sucking Insects

A second important way in which insects feed on growing plants is by piercing the epidermis

(skin) and sucking out the sap from the cells within. In this case, only internal and

liquid portions of the plant are swallowed, although the insect itself remains externally

on the plant. These insects have a slender and sharp pointed portion of the mouthpart
which is thrust into the plant and through which sap is sucked. This results in a very J
different looking, but nonetheless severe injury. The hole made in this way is so small
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that it cannot be seen with the unaided eye, but the withdrawal of the sap results
in either minute spotting of white, brown, or red on leaves, fruits or twigs; curling
of the leaves; deforming of the fruit; or a general wilting, browning and dying of
the whole plant. Aphids, scale insects, the squash bug, leafhoppers, and plant bugs
are well known examples of piercing sucking insects.

Injury by Internal Feeders

So long as an insect feeds externally upon crops, it can usually be destroyed by application

of the proper insecticide. But many of our worst pests feed within the plant tissues
during a part or all of their destructive stages. They gain entrance to the plant either

by having the egg thrust into the tissues by the sharp ovipositor of the parent insect
or by eating their way in after they hatch from the eggs. In either case, the hole
by which they enter is almost always minute, often invisible. A large hole in a fruit,
seed, nut, twig, or trunk generally indicates where the insect has come out and not
the point where it entered.

The chief groups of internal feeders are indicated by their common group names: (a)
borers in wood or pith; (b) worms or weevils in fruits, nuts or seeds; (¢) leaf miners;
and (d) gall insects. Each group, except the third, contains some of the foremost insect
pests of the world. In nearly all of them, the insect lives inside the plant during
only a part of its life stages, sooner or later emerging, usually as an adult. Control
internal insects by dusting or spraying of adults before their progeny gain entrance

to the plant.

A number of internal feeders are small enough to find comfortable quarters and an abundance
of food between the upper and lower epidermis of a leaf. These are known as leaf miners,
injurious examples include the beet leaf miner and the spinach leaf miner.

The gall insects sting the plant which causes the plant to produce a structure of deformed
tissue, within which they find not only shelter but also suitable and abundant food.
We do not know as yet exactly what it is that makes the plants, when attacked by the
insect, grow these curious, often elaborate structures which are absolutely foreign

to them in the absence of the gall insect. However, it is clear that the growth of
the gall is initiated by the oviposition of the adult and its continued development
results from the secretions of the developing larva. The same species of insect on
different plants causes galls that are similar, while several species of insects attacking

the same plant cause galls that are greatly different in appearance. Although the gall
is entirely plant tissue, the insect controls and directs the form and shape it takes
as it grows.

Injury by Subterranean Insects

Almost as secure from man's attack as the internal feeders are those insects that attack
plants below the surface of the soil. These include chewers, sap suckers, root borers,
and gall insects. The attacks differ from the above ground forms just described, only
in their position with reference to the soil surface. Subterranean insects may spend
their entire life cycle below ground, e.g., the woolly apple aphid. This insect, as

both nymph and adult, sucks the sap from the roots of apple, causing the development
of tumors and the subsequent decay of roots at the point of attack. More often there
is at least one life stage of the insect that has not taken up the subterranean habit,
as in the case of wireworms, root maggots, pillbugs, strawberry root weevil, and grape
and corn rootworms. The larvae are root feeders while the adults live above ground.
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Injury by Laying Eggs

Probably 95% or more of direct injury to plants is caused by insects feeding in the
various ways just described. In addition, most insects lay their eggs in exactly the
right place so that their young will have the best chance to survive. Sometimes this
provision for the young leads to serious injury to plants. The periodical cicada deposits
her eggs in the one year old growth of fruit and forest trees, splitting the wood so
severely that the entire twig beyond this point often dies. It is interesting to note
that these are purely egg laying sites. As soon as the young hateh, they desert the
twigs and injure the plant no further. In other cases, the young subsequently feed
upon the plant attacked by the egg laying act. For example, the plum curculio ruins
the fruits of apple, plum, peach, and cherry by her characteristic egg laying procedures.

Use of Plants for Nest Materials

Besides laying eggs in plants, insects sometimes remove parts of the plant for the
construction of nests or for provisioning nests elsewhere, though they do not feed

on these materials. This injury is more interesting than it is serious. Leaf cutter

bees nip out rather neat circular pieces of rose and other foliage which are carried
away and fashioned together to form thimble shaped cells one above the other in a tunnel
previously made in the stem of a plant.

Insects as Disseminators of Plant Diseases

Since 1892, when it was first proved that a plant disease (fire blight of fruit trees)
may be spread by an insect (the honeybee), the knowledge of this subject has grown
rapidly. At present there is evidence that more than 200 plant diseases are dissem-
inated by insects. The majority of them, about 150, belong to the group known as viruses,
25 or more are due to parasitic fungi, 15 or more are bacterial diseases, and a few
are caused by protozoa.

Insects are responsible for spreading plant diseases in a number of different ways:
(a) by feeding or laying eggs or boring into plants, they make an entrance point for
a disease that is not actually transported by them; (b) they have been found to disseminate
the pathogens on or in their bodies, from one plant to a susceptible surface of another
plant, such as a blossom or to a wound made by some other agent; (¢) they carry pathogens
on the outside or inside of their bodies and inject plants hypodermically as they feed;
(d) they harbor pathogens inside their bodies during adverse periods, such as winter
or a period of drought or host plant scarcity, protecting them from the adverse climatic
condition and from natural enemies; (e) they may be essential hosts for an incubation
period, for increase in numbers of the pathogen, or for some part of its life cycle
that cannot be completed elsewhere.

Examples of Insect Vectored Plant Diseases

Disease Vector

Dutch Elm Disease (fungus) Small Beetle
Fireblight (bacterial) Pollinating Inseects
Tomato Curly Top (virus) Beet Leafhopper
Cucumber Mosaic (virus) Aphids
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BENEFITS AND VALUE OF INSECTS

We need to study insects carefully, in order that we may be able to distinguish the
beneficial from the harmful. People have often gone to great trouble and expense to
destroy quantities of insects, only to learn later that the insect destroyed was not
only harmless but was actually engaged in saving their crops by eating the destructive
insects. Most entomologists have had correspondents send in the larvae of lady beetles
with the complaint that they were injuring plants; at the same time overlooking the
smaller aphids which were causing the injury and which these larvae were continually
devouring.

Insects are beneficial to the gardener in several ways:

1. Insects aid in the production of fruits, seeds, vegetables, and flowers, by
pollinizing the blossoms. Most of our common fruits are pollinized by insects.
Melons, squash, and many other vegetables require insects to carry their pollen
before fruits set. Many ornamental plants, both in the greenhouse and out of
doors, are pollinated by insects (chrysanthemums, iris, orchids, and yucca).

2. Parasitic insects destroy other injurious insects by living on or in their bodies
and their eggs. Insects also act as predators, capturing and devouring other
insects.

3. Insects destroy various weeds in the same ways that they injure crop plants.

4, Insects improve the physical condition of the soil and promote its fertility
by burrowing throughout the surface layer. Also, the dead bodies and droppings

of the insects serve as fertilizer.

5. Insects perform a valuable service as scavengers by devouring the bodies of
dead animals and plants and by burying carcasses and dung.

Many of the benefits from insects enumerated above, although genuine, are insignificant
compared with the good that insects do fighting among themselves. There is no doubt
that the greatest single factor in keeping plant feeding insects from overwhelming
the rest of the world is that they are fed upon by other insects. It is easy to see
how the industry of insects and their devotion to purpose, when coupled with almost
unlimited numbers , can benefit us when their they seek and devour myriads of pests
scattered over a farm or a forest.

Insects that eat other insects are considered in two groups known as predators and
parasites. Predators are insects (or other animals) that cateh and devour smaller or
more helpless creatures (called the prey), usually killing them in getting a single
meal. The prey is generally smaller, weaker, or less intelligent than the predator.
Parasites are forms of living organisms that live on or in the bodies of living organisms
(called the hosts) from which they get their food, during at least one stage of their
existence. The hosts are usually larger, stronger, or more intelligent than the parasites
and are not Kkilled promptly but continue to live during a period of close association
with the parasite. Predators are typically very active and have long life cycles; parasites
are typically sluggish and tend to have very short life cycles.
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PEST CONTROL WITH A MINIMUM OF CHEMICALS J

Home gardeners often use more pesticides per square foot in their gardens than farmers
do in the fields, thinking that if a little is good, more will be better. This is a
mistake, and a serious misuse of pesticides. Overuse of pesticides has a number of
adverse effects: it makes food less safe to eat, especially if there are residues

at harvest time; it makes handling the plants dangerous; beneficial insects, earth-
worms, birds, even pets may be harmed or Kkilled along with harmful insects. Each time
gardeners spray, they are exposed to the dangers of inhalation or absorption of the
toxin. Pesticides used near water may contaminate water supplies; continuous use of
certain pesticides may induce resistance in the pests, thus requiring the use of
more toxic substances; some pesticides break down slowly and can remain in the environment
for years. '

Growing public concern over the use and misuse of pesticides has led increasing numbers
of home gardeners to seek means of natural pest control. Although some people do not
have the time or knowledge to practice all available alternative methods for controlling
pests, there are many cultural practices which will help reduce losses. Because the
gardener does not have to live up to perfect market standards, pesticide use may be
reduced to a minimum with a little research and effort. If the choice is between minor
insect damage and a possible pesticide residue, consider accepting the visible blemish
you can remove. Proper soil preparation,careful plant selection and good garden practices
can be combined with biological and mechanical controls to reduce the need for chemical
pesticides.

Soil Preparation J

Maintain a slightly acid soil (around pH 6.5). If in doubt, have a soil analysis done
of through your local Extension Office, by a private lab, or with a soil test Kkit.
The appropriate pH allows vegetable plants to have access to all the necessary soil
nutrients and provides a suitable environment for earthworms and microorganisms.
Follow recommended fertilizer practices. Supplement chemical fertilizers with organic
material or compost (see Pub. 426-313, Soil Preparation) to help assure that all trace
elements are available, as well as major nutrients. Feed the soil, not just the plants;
providing an appropriate environment for all soil life will result in healthier plants
which are more resistant to pests and diseases.

If you use manure and compost, be sure they are well worked into the soil. Otherwise,
millipedes, white grubs, and other pests may be encouraged. If these insects become

a problem, you may be using too much; consider other means of adding organic matter,
such as cover cropping or mulching.

When diseased plant material is added to compost to be used on your garden, delay using
the compost until all material has decayed beyond recognition. Compost piles must be
hot (140 degrees F.) to kill disease organisms, insect eggs, and weed seeds.

Till in the fall to expose those stages of pests which live near the surface of the
soil to natural enemies and weather, and to destroy inseets in crop residues. If you
do not till in the fall, do so early enough in the spring to give remaining vegetation
time to degrade before planting time.

9
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Plant Selection

Plant crops that are suited to the soil and climate. If you do plant vegetables or

fruits that are not normally grown in your area, do your best to provide necessary

conditions. For example, watermelon prefers a light, warm, well drained soil; don't

try to plant in heavy clay without first adding copious amounts of compost or other

soil lightening material, and allow the soil to warm up before seeding or setting plants

out.

Use disease and insect free, certified seed, if available.
Select disease and insect resistant or tolerant species and varieties (see Table 1
for examples of vegetables).

Table 3. Vegetable varieties that show some resistance to specific
insect pests.

Vegetable

Beans (snap)
Broccoli

Cabbage

Cabbage
(Chinese)

Collard

Corn (sweet)

Cucumbers

Kale

Mustard

Potato
(sweet)

Radish

Squash

Turnip

Rutabaga

Watermelons

Variety
Wade

De Cicco
Early Globe
Red Acre
Round Dutch

Michili

Georgia

Golden
Security

Ashley
Piccadilly
Poinsett
Vates

Florida
Broadleaf

Centennial
Jewel

Cherry Belle
White Icicle

Early Prolific
(straightneck)

White Bush
Scallop
Zucchini

Seven Top

American
Purple Top

Crimson Sweet

Insect resjstance

Mexican bean beetle

Striped flea beetle

Cabbage looper, imported cabbageworm
Cabbage looper, imported cabbageworm
Cabbage looper, imported cabbageworm

Diamondback moth

Striped flea beetle, Harlequin bug

Corn earworm

Pickleworm, spotted cucumber beetle
Pickleworm
Spotted cucumber beetle

Diamondback moth

Diamondback moth, striped
flea beetle

Sweetpotato flea beetle,

Southern potato wireworm
Sweetpotato flea beetle, Southern
potato wireworm

Diamondback moth, Harlequin bug
Harlequin bug

Pickleworm, striped cucumber

beetle

Pickleworm, striped cucumber

beetle

Striped cucumber beetle

Diamondback moth, striped flea beetle

Diamondback moth, striped
flea beetle

Pickleworm, spotted cucumber beetle
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Resistance in plants is likely to be interpreted by the layman as meaning immune to
damage. In reality, it distinguishes plant varieties that exhibit less insect or disease
damage when compared with other varieties under similar circumstances. Some varieties
may not taste as good to the pest or may possess certain physical or chemical properties
which repel or discourage insect feeding or egg laying, or may be able to support insect
populations with no appreciable damage or alteration in quality or yield.

Select plants that are sturdy and have well developed root systems. Diseases and insects
in young seedlings may start in greenhouses or plant beds and cause heavy losses in
the garden. Buy plants from a reputable grower who can assure you that they are disease
and insect free, or grow your own from seed.

Avoid accepting houseplants, shrubs, etc. from friends if there is any chance of their
containing insects and/or disease.

Garden Practices

The most effective and most important of all practices is to observe what is going
on in the garden! Many serious disease or insect problems can be halted or slowed
down early by the gardener who knows what to look for and regularly visits the garden
for the purpose of trouble shooting.

Rotation Do not grow the same kind of produce in the same place each year. Use related

crops in one site only once every three or four years. Some related crops are as follows:
(a) chives, garlic, leeks, onions, shallots; (b) beets, Swiss chard, spinach; (¢) cabbage,
cauliflower, kale, collards, Brussels sprouts, broccoli, kohlrabi, turnips, rutabagas,
Chinese cabbage, mustard; (d) peas, broad beans, snap beans, lima beans; (e) carrots,
parsley, celery, celeriac, parsnips; (f) potatoes, eggplant, tomatoes, peppers; (g)
pumpkins, squash, watermelons, cucumbers, muskmelons; and (h) endive, salsify, lettuce.

Interplantings Use interplantings as opposed to solid plantings of a crop. Avoid

placing all plants of one kind together by alternating groups of different plants within

rows or patches. If an insect lays eggs or otherwise attacks a specific species, the
presence of other species in the area can interrupt progress of the attack by such
methods as diluting the odor of the preferred plants. This can slow the spread of diseases
and pests, giving you more time to deal with them.

Thinning Thin young plants to a proper stand. Overcrowding causes weak growth and
subsequent insect and disease problems.

Watering Water in the morning so that plants have time to dry before the cool evening.
Drip irrigation prevents foliage from getting wet at all when watering. For plants
susceptible to fungus infections, such as late blight on tomatoes, leave extra space
between plants to allow good air flow; orient rows so that prevailing winds will help
foliage dry quickly after a rain or watering. While this may reduce the number of plants
per square foot, you may still get higher yields because of reduced disease problems.

Stay out of the garden when the plants are wet with rain or dew to prevent spreading

9

diseases.
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Time Planting Time plantings in such a way that the majority of your crop will avoid
the peak of insect infestations. For example, plant squash as early as possible to
avoid borers, which lay eggs in July. Keep a record of the dates insect problems occur.
Also, by planting warm weather crops after the soil has warmed, you will avoid problems
with seed and root rots; growth will be more vigorous, as well.

Sanitation Do not use tobacco products such as cigarettes or cigars when working

in the garden. Tomatoes, pepper, and eggplant are susceptible to a mosaic virus disease
common in tobacco and may be spread by your hands. Remove infected leaves from diseased
plants as soon as you observe them. Dispose of severely diseased plants before they
contaminate others. Clean up crop refuse as soon as you are finished harvesting if
possible. Old sacks, baskets, decaying vegetables, and other rubbish which may harbor
insects and diseases should be kept out of the garden.

Staking plants or planting them in wire cages prevents the fruit from touching the
soil. This also helps prevent fruit rots. Caging helps reduce sun scald often seen

in staked tomatoes, since caged plants do not require as much pruning, leaving a heavier
foliage cover. Boards or a light, open mulch such as straw placed beneath melons will
prevent rotting.

Avoid injury to plants Cuts, bruises, cracks and insect damage are often the site
for infection by disease causing organisms. In cases where fruits are difficult

to remove (such as cucumbers and watermelons) cut them off instead of pulling them
off the plant. If you cultivate your garden, avoid cutting into the plant roots.

Mulching Use a mulch to reduce soil splash, which brings soil borne diseases into
contact with lower leaves.

Weed control Keep down weeds and grass. They often harbor pests and compete for nutrients
and water. They provide an alternate source of food and can be responsible for pest
build up. They provide cover for cut worms and slugs.

Mechanical Control

Handpicking Inspect plants for egg clusters, bean beetles, and caterpillars and other
insects as often as possible. Hand pick as many as possible. Knocking insects and egg
clusters into a coffee can with a small amount of water in it and then pouring boiling
water over them is a way to kill insects if you don't like squashing them. Kerosene
is often recommended, but there is a disposal problem once you have finished; besides,
water is cheaper.

Traps Use various insect traps to reduce insect population. A simple, effective Japanese
beetle trap can be made from two one gallon milk jugs or a gallon milk jug and a plastic
bag. The bait used to attract the beetles is available at most farm and garden supply
centers. Place traps away from desirable plants.

To trap night flying insects place a shaded light bulb outdoors with a pan of kerosene
(or water with a thin film of oil on top) underneath; insects will be attracted to

the light and will fall into the pan.

Light traps, particularly blacklight or bluelight traps (special bulbs that emit a
higher proportion of ultraviolet light that is highly attractive to nocturnal insects)
are a good insect monitoring tool but provide little or no protection for the garden.
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True, they usually capture a tremendous number of insects, however, a close examination J
of light trap collections shows that they attract both beneficial and harmful insects

that would ordinarily not be found in that area. Those insects attracted but not captured

remain in the area, and the destructive ones may cause damage later. Also some species
that are wingless and those active only during the day (diurnal, as opposed to nocturnal)

are not caught in these traps. Consequently, the value of a blacklight or simple light

trap in protecting the home garden is generally of no benefit and in some instances,
detrimental.

A screen box with a screen cone in the center leading to a pan of sweet bait; sugar
water, molasses, fruit wastes, oil of sassafras, beer; will attract and trap many insects.
Upturned flower pots, bamboo length, boards, etc. will trap earwigs and sowbugs; collect
them every morning and feed to pet frogs, toads, turtles, and fish, or destroy with
boiling water. Slugs can also be caught by these means and can be Kkilled. Indoors,
white flies can be caught with sticky yellow traps, made with boards painted yellow
and lightly coated with oil or grease. There are also commercial sticky traps available
through some catalogs.

Barriers Aluminum foil and other reflective mulch has been proven to repel aphids.
However, the environmental impact and energy consumption involved in making aluminum
foil deserves consideration. Where slugs are a problem, use methods described under
trapping above, and try to create drier conditions. Heavy mulches will encourage slugs.
Spread crushed eggshells or hydrated lime around affected plants.

Exclusion Various materials can be used to physically block or repel insects and
keep them from damaging plants. Place wood ash, cardboard tubes or orange juice cans
around seedlings to keep cutworms away from plant stems. Use paper bags over ears of
corn to keep birds and insects out; do not cover until pollination is complete. Net
covered cages over young seedlings will help prevent insect, bird and rabbit damage.
Cheesecloth screens for cold frames and hot beds will prevent insect egg laying; sticky
barriers on the trunks of trees and woody shrubs will prevent damage by crawling insects.

Biological Controls

Predators, Parasites and Pathogens The garden and immediate surroundings are alive
with many beneficial organisms that are there naturally; however, they may not be numerous
enough to control a pest before its damage is done. Actually, parasites and predators
(usually other types of insects) are most effective when pest populations have stabilized

or are relatively low. Their influence on increasing pest populations is usually minimal
since any increase in parasite and predator numbers depends on an even greater increase
in pest numbers. Disease pathogens, however, seem to be most effective when pest populations
are large.

Take advantage of the biological control already taking place in your garden by encourag-
ing natural predators, such as preying mantises, ladybugs, lacewings, ground beetles,
and others. Purchased natural predators are often ineffective, however, since they
tend not to remain in the place where they are put. Research the likes and dislikes
of these helpers as to foods, habitat, ete. Provide these conditions where possible.

Learn to recognize the eggs and larvae of the beneficial insects and avoid harming

them. You can often find preying mantis egg cases in weedy lots; just bring the twig

with the cluster into your garden and set it in a place where it will not be disturbed. J
Spiders, toads, and dragonflies are also beneficial and should not be a source of fright
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to the gardener; in most cases they are harmless to people.

Learn to recognize parasites and their egg cases; for example, the tomato hornworm

is often seen with a number of white egg cases, a little larger than a grain of rice,
on its back. These were laid by a parasitic wasp. The hornworm will die and more wasps
will emerge. Obviously, it is to your advantage to leave the worm in the garden.

PESTICIDES
Nonsynthetic

Botanicals Natural pesticidal products are available as an alternative to synthetic
chemical formulations. Some of the botanical pesticides are toxic to fish and other
cold blooded creatures and should be treated with care. Safety clothing should be worn
when spraying these even though their toxicity is low to warm blooded animals. Botanical
insecticides break down readily in soil and are not stored in plant or animal tissue.
Often their effects are not as long lasting as those of synthetic pesticides.

Insecticide Use Against

White Hellebore Sawflies, slugs, onion maggots, cabbageworm

Pyrethrum Pickleworms, aphids, leaf- hoppers, spider mites,
harlequin bugs, cabbageworms.

Nicotine Aphids, leafhoppers, psyllids, whiteflies, thrips.

Quassia Greenflies, leafhoppers, slugs, mealybugs, thrips.

Derris Aphids, mosquito larvae, caterpillars.

Rotenone Spittlebugs, aphids,potato beetles, harlequin
bugs, chineh bugs, spider mites, carpenter
ants.

Ryania Codling moths, Japanese beetles, squash bugs,
potato aphids, onion thrips, corn earworms,
silkworm.

Sabadilla Grasshoppers, codling moths, moths, armyworms,
aphids, cabbage loopers, blister loopers, blister
beetles,

Some of these products may be very difficult to find.

In addition to botanical insecticides, some biological products can help in the battle
against insects. Bacillus thuringiensis is an effective product commonly used against
moth larvae; B.t., as it is known, is a bacterium that gives the larvae a disease,
and is most effective on young larvae. Presently, there is research underway to develop
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strains that work against other types of insect larvae. Several formulations are available J
to the homeowner under different trade names which provide effective control of several
caterpillars but which are harmless to man and domestic animals. More than 400 insect
species are known to be affected by this important insect pathogen. Bacillus thuringiensis

is quite slow in its action. For example, caterpillars that consume some of the spores
will stop eating within 2 hours, but may continue to live and move around until they
die, which may be as long as 72 hours. When this occurs the untrained gardener may
assume the material was ineffective because of the continued pest activity and impatiently
apply a chemical pesticide to correct his mistake. Nosema locustae is a disease organism
which shows some promise for controlling grasshoppers. There are claims that this parasite
may be effective for up to five years after initial application. In some areas, this
parasite is available commercially under different trade names.. It is still too early

to make extensive claims about its effectiveness in home gardens.

Enlist the aid of birds in your garden. In rural areas, chickens, guineas, and other
domestic fowl are released in unused areas of the garden to eat grubs and insects.
Wild birds will also help, but aren't as controllable. Provide appropriate conditions
(i.e.,shelter, nesting material, water) to encourage insect eating birds.

Soaps Commercial insecticidal soap (a special formulation of fatty acids) has been

proven effective against aphids, leafhoppers, mealybugs, mites, pear psylla, thrips,

and whiteflies. Homemade soap sprays also work to some extent: use three tablespoons

of soap flakes (not detergent) per gallon of water and spray on plants till dripping.

Repellent sprays, such as garlic sprays and bug sprays (made from a puree of bugs)

have been found useful by some gardeners, but their effectiveness is questionable.

Some researchers believe that bug sprays may work if a disease is present in the insect,

which is spread through the spray to other insects. ‘)

Synthetic

Synthetic pesticides, by their simplest definition, are those made or synthesized by

man in chemical laboratories or factories. Examples of these include the insecticides

such as malathion and methoxychlor. The real surge of development came with World War
Il and began with the discovery of DDT. More will be covered in the unit called Pesticides.

SUMMARY

Insects constitute one order of the phylum, Arthropoda, and yet they are one of the
largest groups in the animal kingdom. The insect world is made up of individuals that
vary greatly in size, color, and shape. Although most insects are harmless or beneficial

to man, the few that cause damage have a tremendous impact due to their number.

The harmful species can usually be recognized with some basic knowledge of their host
plants, habits, life cycle, and the type of damage they inflict. Feeding damage varies
with the type of mouthparts an insect has. Harmful insects can be checked in many ways
before resorting to the use of pesticides. Good cultural practices and proper selection

of plant varieties coupled with mechanical and biological controls are all measures

that will control insect populations.
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ENTOMOLOGY GLOSSARY

Abdomen: The hindmost of the three major divisions of the body, composed of not more
than 11 segments and without either legs or wings.

Antennae: Segmented appendages on the head, carrying sense organs and acting as feelers.

Compound eye: An eye of an arthropod composed of many individual elements or ommatidia,
each of which is represented externally by a facet.

Honeydew: Anal secretions of aphids and other Homoptera; exudate of some galls.

Larva: The active feeding and growing stages of one of the higher insects, preceding
the pupal or resting stage.

Mandibles: The strong, chewing pair of mouthparts.

Metamorphosis: The changes through which an insect passes from the young form to the
adult.

Molt: The shedding of the skin during growth. The cast skin is called the exuvia;
the intervals between molts are called stages or stadia; the form assumed during a
particular stage is known as an instar.

Nymph: The active feeding and growing young stage of one of the less highly evolved
insects. Insects with nymphs do not have a resting or pupal stage.

Ovipositor: Tube or valves from which the female deposits (oviposits) eggs.

Parthenogenesis: A form of asexual reproduction; development of egg without fertil-
ization.

Parasite: an organism that lives on or in another (host) organism and obtains all of
its nutrients from that host, contributing nothing of benefit to the host.

Pheromone: Substance emitted by an animal which causes a specific response from others
of the same species (or colony in the case of honey bees).

Predator: An animal living at the expense of others; an insect predator differs from
a parasite in that it usually requires more than one host.

Prolegs: Fleshy unjointed false legs of caterpillars and the larvae of some sawflies,
used in clinging to surfaces and for support in locomotion.

Pupa: The transformation stage between larva and adult of the more advanced insects.
Thorax: Group of three segments behind the head and in front of the abdomen and known,
respectively, as the prothorax, mesothorax and metathorax. Each segment has one pair

of legs; in addition the mesothorax and metathorax each may carry one pair of wings.

The large shield-like top side of the prothorax is known as the pronotum. The thorax
is largely filled with powerful flight muscles.

Vector: An insect that carries a disease organism from one plant to another.
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UNDERSTANDING PESTICIDES

TERMINOLOGY

Pesticides may be useful when nonchemical methods fail to provide adequate control
of pests and when pest populations reach a level of economic injury. The suffix "cide"
literally means kill. The term pesticide refers to a chemical substance that will Kkill
pests. Since it is physically impossible to eradicate an entire population of pests,
pesticides are used as a tool to control or manage pest populations to a level of toler-
ance. Because of government regulations, chemicals used to attract or repel pests and
to regulate plant growth or function are also classed as pesticides. The wording "insect-
icides and pesticides" is incorrect because insecticides are pesticides. Types and
functions of pesticides include the following:

Insecticides - control insects

Miticides - control mites

Acaricides - control mites, ticks and spiders

Nematicides - control nematodes

Fungicides - control fungi

Bactericides - control bacteria

Herbicides - control plants (herbicides kill plants, not just weeds)

Rodenticides - control rodents

Avicides - control birds

Piscicides - control fish

Molluscicides - control mollusks, such as slugs and snails

Predacides - control pest animals

Repellents - keep pests away

Attractants - lure pests

Plant growth regulators - stop, speed up, or otherwise change normal plant processes

Desiccants and defoliants - used to remove or kill leaves and stems

Antitranspirants or antidesiccants - reduce water loss from plants; used to protect
plants from winter damage, drought, wind burn, and transplant shock. How-
ever, effectiveness is being questioned by recent research.

Peéticides can be grouped according to how they work. Many work in more than one way. For
example:

Contact poisons kill pests simply by touching them.

Stomach poisons kill when swallowed.

Systemies Kill best by being taken into the blood of the animal or sap of the
plant upon which the pest is feeding.

Translocated herbicides move from the point of initial application to circulate

throughout the plant. The circulation of toxin insures the Kill of

the entire plant.

Fumigants are gasses which kill when they are inhaled or otherwise absorbed by
pests.

Selective pesticides Kkill only certain kinds of plants or animals, for example,
2,4,-D used for lawn weed control, kills broadleaf plants but
leaves the grass unharmed.

Nonselective pesticides kill most plants or animals.
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The following terms describe when to apply pesticides:

Preemergence - use before plants emerge from soil
Preplant - use before crop is planted by applying to the soil
Postemergence - use after the crop or weeds have germinated

Terms which describe how to use pesticides:

Band - application to a strip over or along each crop row

Broadcast - uniform application to an entire, specific area by scattering a pesticide
Dip - immersion of a plant in a pesticide.

Directed - aiming the pesticide at a portion of a plant, animal or structure
Drench - saturating the soil with a pesticide.

Foliar - application to the leaves of plants

In-furrow - application to or in the furrow in which a plant is growing

Sidedress - application along the side of a crop row

Spot treatment - application of a pesticide to a small section or area of a crop

PESTICIDE FORMULATIONS

The formulation describes the physical state of a pesticide and determines how it will
be applied. Pesticides are rarely applied full strength. The chemical in the pesticide
formulation that actually kills the pest(s) is termed the active ingredient. The added
chemical(s), those which make the product easy and safe to formulate or apply, are
termed the inert ingredients. Common pesticide formulations follow.

Emulsifiable concentrates (EC or E): The active ingredient is mixed with an oil base J
(often listed as petroleum derivatives) forming an emulsion which is diluted with water

for application. ECs are common in the home garden trade, being easy to mix and use. They
can cause a minor surface bronzing of light colored fruit. They should be protected

from freezing temperatures which can break down the emulsifer.

Solutions (S): These formulations are premixed, ready to use. They are often used in
household pest products.

Flowables (F or L): A flowable, or liquid, can be mixed with water to form a suspension
in a spray tank.

Aerosols (A): These are very low concentrate solutions, usually applied as a fine spray
or mist. They are generally sold in aerosol cans and are a very expensive source of
pesticide.

Dusts (D): Dust formulations are made by adding the active ingredients to a fine inert
powder or tale. They are generally used dry.

Granules (G): Granular formulations are made by adding the active ingredient to coarse
particles (granules) of inert material like fired clay particles.

Wettable powders (WP or W): Wettable powder formulations are made by ecombining the
active ingredient with a fine powder. They look like dusts, but they are made to mix
with water. These formulations need continuous agitation to maintain a suspension and A
are thus difficult for home gardeners to use. When mixing a WP, first mix the measured _
quantity with a small amount of water, forming a slurry, (a paper cup with a popsicle
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stick makes a good disposable mixing container) then add it and the additional water
to the spray tank. The spray tank must “e frequently shaken to maintain the suspension.

Soluble powders (SP): A soluble powder formulation is made from an active ingredient
in powder form that dissolves in water.

Baits (B): A bait formulation is made by adding the active ingredient to an edible
or attractive substance. They are ofter used to control slugs, snails, or small ground
insects and rodents.

Gardeners often attempt to compare, a spray with a dust. It should be noted that dusts
are a type of formulation, but sprays are not a formulation, they are one means of
applying several different formulations such as, wettable powders or emulsifiable concen-
trates that are mixed with water. Dusts are a formulation.

SURFACTANTS, ADDITIVES OR ADJUVANTS

When added to a pesticide, a surfactant reduces the surface tension between two unlike
materials, such as a spray film and a solid surface. For example, by adding a surfactant
to a sprayer, oil and water will mix and can be sprayed on plant surfaces. With increasing
emphasis on safe application of pesticides, such factors as droplet size, spray pattern,

and pesticide drift have focused more attention on surfactants to give ideal coverage
for pesticides.

Surfactants include: activators, compatibility agents, deflocculators, detergents,
dispersants, emulsifiers, foam and drift suppressants and, spreading, sticking and
wetting agents. These materials are added to a spray mix to help keep the pesticide
in suspension; improve cohesiveness and dispersion of the spray; and increase the wetting
(or coverage) of the leaves, fruits, and stems.

This section focuses on surfactants that act as spreading, sticking and wetting agents. They
are most useful when spraying the hard-to-wet foliage of such plants as azalea, boxwood,
camellia, carnation, conifers, euonymus, gardenia, gladiolus, holly, iris, narcissus,
peony, rose, and yew. Whether a spray rolls off or sticks to a plant surface depends
on the physical and chemical properties of the spray mixture and the physical properties
of the surface itself. If the surface tension of the mixture is high, or if the plant
surface is waxy, the spray droplets will roll off.

Spreader or Film Extender (spreader-activator) A spreader is a substance that, when
added to a pesticide mix, increases the area that a given volume of spray will cover
and improves the contact between the pesticide and the plant surface. A spreading agent
builds spray deposits and improves weatherability. Most wettable powder insecticides
benefit from the addition of a spreader.

Sticker or Adhesive A sticker is a material that, when added to a spray mix or dust,
improves the adherence (tenacity) to a plant surface rather than increasing the initial
deposit. Commercial sticking agents are oily in consistency and increase the amount

of suspended solids retained on plant surfaces by coating the particles in a resin

or varnish-like film. Most fungicides, especially wettable powders, benefit greatly

from the use of stickers. Stickers may be judged in terms of resistance to wind and
water, length of adherence and mechanical or chemical action.
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Wetting Agent A wetting agent is a material that, when added to a pesticide, lowers
the interfacial tension between a liquid and a solid; in this case, a plant surface. The
effectiveness is measured by the increase in spread of a liquid over a solid surface
and the ability of the spray film to make complete contact with it. When a wetting
agent reduces surface tension, spreading naturally occurs.

The pesticide label should state whether a surfactant is needed or should be added
to a spray mix for certain applications and should indicate restrictions in the selection
of compatible surfactants. In many cases, surfactants have been designed specifically
for use with fungicides, insecticides, or herbicides.

All commercial spreading, sticking and wetting agents should be mixed strictly according
to label directions. Adding more surfactant than recommended may cause excessive runoff,
resulting in a poor spray deposit and reduced pest control. In general, if the spray
mix contains one or more pesticides produced or formulated by the same company, use
a surfactant sold or recommended by that company. Surfactants are sold separately from
pesticides and are not subject to EPA registration.

Although choosing an effective surfactant to accompany a specific pesticide is no simple
task, the label will state whether a surfactant is needed and the brand that should
be used.

THE PESTICIDE LABEL

All the printed information including the label on the product, brochures and flyers

from the company or its agent about a pesticide product is called labeling. The label J
printed on or attached to a container of pesticides will tell you how to use the product
correctly and what special safety measures you should take. Specific parts of the label
include the following:

Brand name: Each company uses brand names to identify its products. The brand name
shows up plainly on the front panel of the label.

Type of formulation: The same pesticide may be available in more than one formulation,

Ingredient statement: Each pesticide label must list the names and amounts of the active
ingredients and the amount of inert ingredients in the product.

Common name and chemical name: Pesticides have complex chemical names derived from
their chemical composition. Some have also been given a shorter name, or common name,
to make them easier to identify. Pesticides may be sold under several brand names,

but you may find the same common name or chemical name on all of them.

Net contents: The net contents tells how much is in the container. This can be expressed
in gallons, pints, pounds, quarts, or other units of measure.

Name and address of manufacturer: The law requires the maker or distributor of a product
to print the name and address of the company on the label.

Registration number: A registration number must be on every pesticide label. It shows
that the product has been approved by the E.P.A. for the uses listed on the label.

Establishment number: The establishment number tells which factory made the chemical.
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Precautionary statements: A section with a title similar to "Hazards to Humans and
Domestic Animals" will tell you the ways in which the product may be poisonous to man
and animals. It also will tell you of any special steps you should take to avoid poisoning,

such as the kind of protective equipment needed. If the product is highly toxie, this
section will inform physicians of the proper treatment for poisoning.

Environmental hazards: The label tells you how to avoid damage to the environment. Some
examples are: "This produet is highly toxic to bees exposed to direct treatment or
residues on crops." "Do not contaminate water when cleaning equipment or when disposing
of wastes," and "Do not apply where runoff is likely to occur.”

Physical and Chemical Hazards: lists specific fire, explosion, or chemical hazards
that the product may have.

Signal words and symbols: Some pesticides may be hazardous to people. You can tell
how toxic a product is by reading the Signal Word and Symbol on the label.

Approximate amount

Signal needed to kill
Words Toxicity average person Symbol
Danger Highly toxiec A taste to a Skull and
Poison teaspoonful Crossbones
Warning Moderately A teaspoonful to

toxie a tablespoonful
Caution Low toxicity An ounce to more

' or than a pint

relatively
non toxie

Highly toxic pesticides are generally not sold in the home garden trade. All products
must bear the statement "Keep Out of Reach of Children." In some pesticide literature,
the term LD50 is used to give an indication of toxicity. LD50 stands for lethal dosage
necessary to Kkill 50% of a test population of animals. The LD50 values are measured
from 0 up, for example an LD50 of 5. The numbers after the 50 represent the mgs. of
the substance per Kg of body weight necessary to kill 50% of the test population. The
lower the LD50 value the more poisonous a pesticide is, for example an LD50 of 5 is
more poisonous than an LD50 of 20 because only 5 mgs. per kg of body weight are necessary
to kill 50% of the test population.

Statement of practical treatment: If swallowing or inhaling the product or getting

it in your eyes or on your skin would be harmful, the label contains emergency first
aid measures and what types of exposure require medical attention.

The pesticide label is the most important information you can take to the physician

when someone has been poisoned. Without the label, it is difficult for the physician

to help.
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Directions for use will include:

The pests the product will control

The crops, animal or other item the product can be used on safely
How the product should be applied

How much to use

Where and when the material should be applied

Application to harvest periods: When used on fruits or vegetables, there may be a period
of time that must pass from the time of application until it is safe to pick and use
the crop. Known as the application to harvest period and expressed as "days to harvest,"
this is the time required for the residue to drop to safe levels. It is often listed

as a number in parentheses following the crop name. It is a mistake to assume that
a residue can be washed off.

Misuse statement: This section will remind you that it is a violation of Federal law
to use a product in a manner inconsistent with its labeling.

Storage and disposal directions: Every pesticide should be stored and disposed of correct-
ly. This section will tell you how to store and dispose of the product

APPLICATION EQUIPMENT

Using the same sprayer equipment for weed control and then for insect control is neither
safe nor desirable. No matter how well a tank is rinsed after use of a herbicide, a
residue will be left in the tank and in the gaskets, hoses and parts. If the same tank
is then used with an insecticide to spray a plant, it is possible to kill the plant
with the herbicide left in the tank. The wisest policy is to maintain two sprayers,
one for herbicides and another for insecticides and fungicides. Have them clearly labeled
according to use. Always wash after each use.

Pesticide application equipment comes in all shapes, sizes, types and prices. Select
equipment according to common sense.

Proportioner or Hose-End Sprayer: These inexpensive small sprayers are designed to

be attached to a garden hose. A small amount of pesticide is mixed with water, usually
no more than a pint, and placed in the recepticle that is attached to the hose. A tube
connects this concentrate to the opening of the hose. When the water is turned on,
the suction created by the water passing over the top of the tube pulls the pesticide
concentrate up and into the stream of hose water. They can reach into medium high trees
if water pressure is high. Problems are encountered from poor spray distribution, and
clogging of nozzles. The metering out of the concentrate into the stream of hose water
is very inaccurate, since it is determined by the water pressure. They put out an exces-
sively high volume of spray for most needs, using excessive pesticide. They are popular
due to inexpensive price, but the gardener will quickly override the lower purchase
price with the cost of excessive pesticides used. All hose-end proportioners should

be equipped with an antisiphon device to prevent back siphoning of toxic chemicals
into the water system.



Trombone Sprayer: The trombone sprayer is a medium size hand held piece of equipment. A
spray mixture at the correct dilution is prepared in a container such as a bucket. The
intake tube of the sprayer is inserted into the pesticide in the bucket. Pump pressure

is created by operating the sprayer in a trombone like motion. The pesticide is pulled
up the hose and out the end of the sprayer. A uniform concentration of the spray can
be maintained since the pesticide is mixed with a known quantity of water. If you are
using a wettable powder, frequently agitate the spray mixture. The trombone sprayer

is excellent for spraying trees and shrubs. It is easy to wash and keep clean, but

does require some effort to operate.

Compressed Air Sprayer (Knapsack or tank sprayer): Spray is mixed in a small tank (generally
1 to 5 gallons) and the tank is carried over the shoulders. The hand operated pump
supplies the pressure during application. A uniform concentration spray can be maintained
since the pesticide is mixed with a known quantity of water. Frequent agitation of
the spray mixture is necessary when using a wettable powder formulation. Applicator
has excellent control over coverage making this sprayer a good choice for treating
dwarf fruit trees, vegetables and ornamentals. Spray will not reach into tall trees. As
water weighs approximately 8.23 lbs per gallon small tanks are easier for most persons
to use.

Compressed Air Sprayer Hand Duster

SHOULDCER
STRAPS

—AIR CHAMBER

Backpack Sprayer L AGITATOR

Hose End Sprayer

—TANK
OIAPHRAGM
PUMP

NPZZLE

Small Power Sprayers: These have the advantage of being motor driven so the operator
does not have to stop to pump up the tank. They are light weight since the spray in
the tank is concentrated, it is diluted with air as it is sprayed. They also provide
uniform even pressure. They are generally too expensive for home garden use.

Hand Duster: The duster may consist of a squeeze tube or shaker, a plunger that slides
through the tube or a fan powered by a hand crank. Uniform coverage of foliage is difficult
to get with many dusters. Dusts are more subject to drift than liquid formulations
due to their light weight and poor sticking qualities.

Pesticides 7



CALIBRATING SPRAYERS AND SPRAY PATTERNS

The usual approach homeowners use when applying a pesticide over a given area is to J

mix a tablespoon or two of a certain pesticide and apply it to a problem area. This
is acceptable if the label gives recommended rates in teaspoons or tablespoons per
gallon. But some pesticides, specifically herbicides and insecticides for lawns, do

not give rates in tablespoons or teaspoons per gallon. Instead, they give rates of
application in teaspoons or tablespoons per 100 or 500 square feet. Unfortunately the
homeowner all to often solves this problem by guessing how much to use. This can be
dangerous; too concentrated may be too toxic; too little will not control the problem. It

is irresponsible of the homeowner to apply chemicals at improper rates. It is dangerous
to himself, his neighbors, and the environment.

A Dbetter approach is to calibrate the sprayer. The calibration of a home sprayer is

relatively easy. Once it has been done, it has been done for the life of the sprayer
provided the nozzle remains unchanged, clean, and adequate pressure is used. It must

be kept in mind that the rate at which the liquid is applied varies with the pressure
and size of the opening in the nozzle. High pressure and a large opening in the nozzle
permits more liquid to be applied over a given area than lower pressure and/or smaller
size nozzle. For calibrating a sprayer, the procedure is as follows:

1) Fully pressurize the sprayer and determine delivery time. This can be done by
spraying water through the sprayer into a pint jar. Let's say that after 30 seconds
of spray there is 1/2 cup in the jar. Mark this delivery time on the sprayer for future
use.

2) Calculate the area to be treated. Measure the area that is to be sprayed. Multiply
length times width to determine the area of a rectangle. The area of a triangle is
calculated by multiplying the base times the height and dividing by 2. Most areas can
be calculated by combining rectangles and triangles or subtracting triangles from rectang-
les.

3) If the area is large divide the area into equal pieces, equal to the size of
the delivery area.

4) Spray an area at a normal speed with water for 30 seconds. Measure the area

you've sprayed. This tells you how much area you can spray in 30 seconds. Let's say
it covers 100 square feet.

For example, assuming that it has been established: 30 seconds of spraying delivers
1/2 cup and 30 seconds of spraying will cover 100 square feet. If the label calls for
3 tablespoons of pesticide for 1000 square feet; then, 1000 square feet= 5 cups spray
delivered or, 1 quart + 1 cup or, 40 ounces. Then, 3 tablespoons of pesticide must
be mixed with 40 ounces of water to achieve the proper spray coverage.

Many commercial type chemicals are given in pounds to the acre or quarts to 100 gallons

of water. To convert rates to equivalents used by a homeowner, consult the pesticide
conversion chart at the end of this chapter. The spray pattern best used to cover an
area of ground is one which will give uniform coverage with little spray overlap. Overlap
can be a problem, causing certain areas to end up with an extra dose of pesticide. The
spray pattern used to apply the pesticide should be continuous and uninterrupted. Otherwise,

if a herbicide is being applied, the sprayer should not be slowed down or stopped at
each weed. If the herbicide has been mixed correctly and the sprayer is properly calibrated,
the continuous uninterrupted flow of chemical will be sufficient for good pest control.
There is a time when overlap may be beneficial. If good spray coverage is questionable
such as when using hose end sprayers, cut the application rate in half and apply the

Pesticides 8
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pesticide first in an east-west pattern, then in a north-south direction. This gives
better coverage with devices typically poor in their metering capabilities. The spray
pattern should be directed so that the applicator does not walk through it as he sprays. The
spray pattern should form an arc no more than 3-4 feet on either side of the operator. The
covered area should have a small amount of overlap to insure coverage but limited to
as little as possible.

Either compressed air sprayers or hose end sprayers can be used. However, remember
that hose end sprayers do not meter out the pesticide as evenly as a compressed air
sprayer. Compressed air sprayers, on the other hand, do not maintain pressure as evenly
as hose end sprayers unless frequent pumping stops are made. Some hose end sprayers
will not continue to spray water if the thumb hole is not covered. Other hose end sprayers
use a trigger device to apply the pesticide mixture. The trigger type would be more
suitable in this case.

When the mixture on the label is in teaspoons or tablespoons per gallon and the plants
are upright such as shade trees, fruit trees, shrubs and vegetables, spray the leaves
until run off. This is the point where the pesticide solution begins to drip from the
leaves. Don't forget to spray the underside of leaves for good coverage.

Spray Pattern with a ) . .
Single Application (A) Single Application (A)
and a Double Application (B)

Double Application (B)



PESTICIDE APPLICATION

When applying pesticides wear the protective clothing and equipment the label recom- J
mends. To prevent spillage of chemicals, always check application equipment for leaking

hoses or connections and plugged, worn or dripping nozzles. Then add pesticide. Before
spraying, clear all people, pets, and livestock from the area. To minimize drift, apply
pesticides only on days with no breezes. If moderate winds come up while you are working,

stop immediately. You can also reduce drift by spraying at a low pressure and using

a large nozzle opening. Generally the safest times of day to spray to reduce the hazard

of drift are early morning or late evening.

Vaporization is the evaporation of an active ingredient during or after application. Pest-
icide vapors can cause injury. High temperatures increase vaporization. You can reduce
vaporization by choosing pesticide formulations that do not evaporate easily, and spraying
during the cool part of the day. Some products, like 2,4,-D, are very volatile and
can move for miles under favorable conditions. They should not be used around highly
sensitive plants like grapes and tomatoes. Do not apply when it is windy nor when temper-
atures following application will reach above 85 degrees F.

Cleaning Equipment

Thoroughly clean all equipment immediately after use. Pesticides should not be stored
mixed. If you have excess pesticide mixed which cannot be used, spray it over an area
that you know it will not harm. Add Clorox or lime to the surplus to help break it
down. Thoroughly clean all spray equipment inside and out with clean water. Don't forget

to flush the hoses and nozzles. Use precautions that your cleaning water does not damage
crops. Do not dump the rinse water in one place where it will be concentrated and may
become a pollutant. Spray the rinse water over a broad area so that the pesticide will

be further diluted. NEVER RINSE PESTICIDES DOWN THE DRAIN!

To clean 2,4,-D type herbicides from hand spray equipment such as a 3-gallon garden
sprayer, use household ammonia. Thoroughly rinse the equipment with fresh water after
spraying. Fill the spray equipment with an ammonia solution, using one-half cup of
ammonia to 3 gallons of water. Let the equipment soak for 18 to 24 hours. Always spray
part of this mixture through the pump, hose and nozzles at the beginning and end of
the soaking period. NOTE: 2,4-D cannot be completely removed from a sprayer once used
in it. Do Not Use This Sprayer to Apply Other Pesticides to Desirable Plants .

Storage and Disposal

Gardeners should store all pesticides in their original containers, in a locked cabinet

No Exceptions If You Are Concerned about Children's Lives! They should be protected
from temperature extremes, some can be damaged upon freezing, others can be altered
by heat. Do not store pesticides in the home! Empty containers are best placed in refuse
cans destined for a sanitary landfill. Wrap containers in newspaper and secure before
disposal. Some states have special chemical dumps for pesticides; however, Virginia

does not have such dump sites. The bottle should be rinsed out first, pouring the rinse
water into the spray tank. Rinse three times allowing 30 seconds to drain between each
rinse. Never use empty pesticide containers for other uses, never allow children to
play with empty containers. If possible, break the containers before disposal. Do not
burn paper containers.

9
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USING PESTICIDES SAFELY
Protective Clothing

If special protective clothing is required, the label will tell you the kind of protection

to use. Pesticides sold in the home garden trade generally do not require special protective
clothing. Many professionally used and highly toxic chemicals do. Anytime you handle
pesticides, you should wear a long sleeved shirt and long legged trousers, or coverall
type garment and shoes. Additional protection is available by wearing unlined neoprene
or rubber gloves, a wide-brimmed plastic hard hat that covers the back of the neck
and goggles or face shield to protect the eyes. Rubber gloves and goggles are particularly
important when mixing or pouring pesticides. Toxic commercial pesticides may also require
neoprene boots, chemical cartridge respirators, face masks, neoprene suit, or even

gas masks. These more toxic chemicals should not be used in a home garden setting.
After using any pesticide, wash your hands and arms thoroughly with soap and water. Never
eat, drink or smoke before washing your hands. If you have been doing a lot of spraying
or dusting, remove your clothes, take a shower, and put on clean clothes. Clothing
should be laundered separately  from the family wash. The washer should be run empty
with detergent after cleaning pesticide contaminated clothing. If you get sprayed,
change and shower immediately. Use first aid procedures if necessary.

Safety Precautions

Most pesticides can cause severe illness, or even death, if misused. But every registered
pesticide can be used safely if you use it correctly. Many accidental pesticide deaths
are caused by eating or drinking the product, particularly by young children. Some
applicators die or are injured when they breathe a pesticide vapor or get a pesticide
on their skin. Pesticides can poison you in two ways. Acute poisoning or toxicity measured
by an LD50 number, can kill or injure you after one exposure. Chronic toxins will not
produce an effect until there have been a sufficient number of exposures. However,
the number of exposures necessary to produce an effect, varies with the kind of pesticide
and the health and size of the person exposed. LD50 is not a measure for chronic toxicity.
If an applicator uses organophosphate (diazinon, malathion) or carbamate (carbaryl,
furadan) insecticides with any regularity, it would be wise to ask a physician about
a test to check the cholinesterase level of the blood. These pesticides destroy this
enzyme, which is necessary to carry nerve impulses to the brain. Although chronic
toxicity is not poisonious immediately, over the long run it can be serious. Always
use safety precautions and treat all pesticides with respect. To prevent accidents
with pesticides, use and store pesticides away from children, keep pesticides in their
original containers, and take care to always follow label directions.

Symptoms of Pesticide Poisoning

Awareness of the early symptoms and signs of pesticide poisoning is important. Unfortu-
nately, all pesticide poisoning symptoms are not the same. Each chemical family (organ-
ophosphates, carbamates, chlorinated hydrocarbons, etc.) attacks the human body in

a different way. Fumigants and solvents can make a person appear to be drunk. The symptoms
are poor coordination, slurring of words, confusion and sleepiness. Common pesticides
like organophosphates and carbamates injure the nervous system. The symptoms develop
in stages, usually occuring in this order:

Mild Poisoning or Early Symptoms of Acute Poisoning Fatigue, headache, dizziness,
blurred vision, excessive sweating and salivation, nausea and vomiting, stomach cramps
or diarrhea.
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Moderate Poisoning or Early Symptoms of Acute Poisoning Unable to walk, weakness,
chest discomfort, muscle twitches, constriction of pupil of the eye, earlier symptoms J
become more severe.

Severe or Acute Poisoning Unconsciousness, severe constriction of pupil of the eye,
muscle twitches, convulsions, secretions from mouth and nose, breathing difficulty,
death if not treated. Illness may occur a few hours after exposure. If symptoms start
more than 12 hours after exposure to a pesticide, you probably have some other
illness. Check with your physician to be sure.

First Aid Procedures

Read the "Statement of Practical Treatment" on each label. The directions listed can
save lives. If a pesticide gets on the skin remove the pesticide as quickly as possible. Re-
move all contaminated clothing. Prompt washing may prevent sickness even when the spill
is very large. Detergents work better than soap in removing pesticides. Don't forget
the hair and fingernails. If a pesticide is inhaled get to fresh air right away. Loosen

all tight fitting clothing. If needed give artificial respiration immediately. Do not

stop until vietim is either breathing well or medical help arrives. Get to a physician. Do

not administer anything to a poison vietim unless you are trained in first aid, otherwise
you may compound the injury.

In case of poisoning, call a physician and give the following information: describe

the victim by name, age and sex, identify yourself and your relationship to the vietim. Have

the package or poison in your hand and identify what the victim took and how much he
took. Keep calm, you have enough time to act, but don't delay unnecessarily. For information

about poison control centers in Virginia contact your extension agent about publication J
456-103 entitled, "Poison Control Centers." Poisoning information is also available

by contacting your local poison center.

PESTICIDES AND THE ENVIRONMENT

Direct Kill

Fine mists of herbicides can drift to nearby crops or landscape plants and kill them. You
can Kkill bees and other pollinators if you treat a crop with a pesticide when they
are in the field. Or you could kill the natural enemies of pest insects. Life in streams

or ponds can be wiped out by accidental spraying of ditches and waterways, runoff from
sprayed fields, and careless container disposal. If more than one pesticide will control

the pest, choose the one that is the least hazardous to the environment and most useful
for your situation. To protect beneficial insects, avoid excessive use of insecticides,

spray only when crop and pest populations require.

Protecting Insect Pollinators

Gardeners should give special consideration to protecting insect pollinators, such

as the honey bee, from insecticide poisoning. Insecticides highly toxic to bees have
restricted application times when being applied to crops frequented by honey bees.
Bees are not active in late evening and early morning. Do not apply insecticides when
temperatures are unusually low because residues will remain toxic much longer.

9
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Persistence and Accumulation

Although most pesticides break down quickly, remaining in the environment only a short
time before being changed into harmless products, some pesticides break down slowly
and stay in the environment for a long time. These are called persistent pesticides. Some
persistent pesticides can build up in the bodies of animals, including man. These pesticides

are called accumulative. Most persistent pesticides have very limited usage or have
been removed from the market. For example, chlordane is a persistent pesticide and
its use is limited to termite and fire ant control.

Pesticides Move in the Environment

Pesticides become problems when they move off target. This may mean drifting off the
target if in the form of dust or mist, moving with soil particles by erosion, leaching
through the soil, being carried out as residues on crops or livestock, or evaporating
and moving with air currents.

Safe Use Precautions

You can prevent harm from pesticides if you follow safety precautions and use common
sense. Here are the minimum safety steps you should take.

Before buying a pesticide identify the pest to be controlled. Then find out which pesticide
will control it. If there is a choice of several, choose the least hazardous product.

At the time of purchase read the label of the pesticide you intend to buy to find out
the following: that the host plant (and pest) are listed on the pesticide label; the
pesticide is not phytotoxic to the plant being protected; safety conditions for use,
such as special equipment, protective clothing, restrictions on use, and environmental
precautions needed.

Before applying pesticide read the label again to find out: the safety measures including
protective clothing and equipment needed, the specific warning and precautions, with
what it can be mixed, mixing instructions, application to harvest period for fruit

and vegetables, crops to which it can or cannot be applied, and other special instructions.

Compatibility

Compatibility occurs when two or more pesticides can be mixed together without reducing
their effectiveness or harming the target. For instance, carbaryl or Sevin is often
combined with a miticide such as Kelthane in order to kill both insects and mites at
one time. Synergism is the action of two materials of the same type which used together
produce a greater effect than the sum of the materials when used alone. One of the
materials when used alone may not affect the pest, but greatly increases the total
effect of the two when used together. Example: Chemical A Kkills 60%, Chemical B Kills
20%, Chemical A and B together kill 98% of the pests. Synergism may increase control
or require less chemical. It may also be more harmful to a nontarget organism. A syner-
gistic effect can also be undesirable causing death or damage to the organism that

is being protected. It should be stressed that no chemicals should be mixed together
unless the label specifically says they are compatible.
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HOME GARDEN VS COMMERCIAL PESTICIDES

Some pesticides are packaged specifically for home garden use. These products are packaged J
in small quantities like pints, quarts, ounces or pounds. They are seldom highly toxic
pesticides and are usually in low concentrations. The label rate is given in spoonfuls

per gallon or pounds per 1000 square feet.

Because of the small label size, home garden products may not list all of the plants
and/or pests for which the product may be registered for use. For example, one manufacturer
sells Diazinon 25% EC as Fruit and Vegetable Insect Control and Diazinon Insect Spray. Both
are basically the same product, but plants and pests listed vary greatly. This situation
causes some confusion in pesticide application and stimulates the purchase of excessive
amounts of pesticides.

Products packaged for the commercial grower may appear to be less expensive but homeowners
should not be tempted to use them. They are generally more toxic than those for home
use and require special protective clothing and equipment for application. They are
more concentrated and in larger size containers than the homeowner could expect to
use or safely store. These are much more difficult to calibrate and mix correctly since
rates are usually based on a per acre system.

A few products extremely toxic to humans or the environment are classified by the E.P.A. as
RESTRICTED USE PESTICIDES. The label will state "restricted use pesticides for retail

sale to and application only by certified applicators, or person under their direct
supervision." A license from the State Department of Agriculture is required by law

for purchase and use of restricted use pesticides. This licensing is intended for commercial

growers and does NOT automatically clear the use of these products by the home gardener. If

you use pesticides from the commercial trade, use extra caution to protect yourself, J
your family and the environment.

PESTICIDES AND ORGANIC GARDENING

Although it is questionable whether we could raise all crops without the use of pesticides,

it is certainly true that we can reduce the amount of pesticides we use by careful
and efficient use. There are some steps to consider before automatically turning to

a pesticide. First, determine if any control measures are really needed. Is the problem
severe enough to warrant treatment? If the cost of treatment is less than the predicted
loss, the economic threshold has been reached and treatment is necessary. Consider
alternative control measures. Some examples are cultivating weeds instead of using

a herbicide, and removing and destroying diseased plant parts rather than using a pesticide.

The next step is integrated control. This is probably the best answer to pest control. In

this situation the wise use of pesticides is used in conjunction with alternative methods

such as conservation practices to encourage natural enemies of the pest.

For example, a simple integrated control program could be used on a golf course for
grub proofing against Japanese beetle larvae. A chemical pesticide would be used to
protect the more valuable sodded areas of the fairways. Milky spore disease, which

is a commercially produced biological control for Japanese beetle larvae, would be
applied in the roughs. The chemical pesticide would give immediate protection to the
sodded areas while the milky spore disease becomes established in the rough. Then,

as the chemical breaks down in the more valuable areas, milky spore disease would move
in. Once milky spore diesease is established, no more chemical treatment is usually
needed to protect the turf. J
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PESTICIDES AND THE LAW

The registration and use of pesticides are governed by the E.P.A. and the Virginia
Department of Agriculture and Consumer Services. Under the amended Federal Insecticide,
Fungicide and Rodenticide Act (Federal Environmental Control Act of 1972) it is illegal
to use a pesticide on a crop, unless the crop is listed on the label. You may not exceed
the given rate of application on the label. Fines and other penalties change and vary
according to laws broken.

Under the law you are liable for misuse of pesticides on your property. Recent court
rulings extend your liability to include misuse by commercial applicators you hire. Serious
misuse by gardeners usually results from drift, or leaching of a pesticide onto non-target
plants or the direct treatment of the plant by a wrong pesticide.

PESTICIDE CONVERSION CHART

Given below are approximate measurements and should be used as a guideline if the directions
for mixing small quantities are not given elsewhere.

LIQUID MEASURE:
Amount per 100 gallons Amount per gallon

1/4 pint.cveeeeeeeeeeeeeeeesssl/4 teaspoon

l pint..ccecieeecccseesescesssl teaspoon

l quart....cceeececcceesssssss2 teaspoons

1 galloNeeeeseeoesossesesseseas2 1/2 tablespoons
2 gallonS..ceecceccccccecsesssd tablespoons

4 gallonS..ceeecesescccssssssasl/3 pint

11 gallonS..ceeeeeecceeccesess?/8 pint

DRY WEIGHT
Amount per 100 gallons Amount per gallon

1/2 pound.sceeececesecseseesssl/12 ounce
1 pound..eceeccesescesessesssssl/6 ounce
2 POUNAS.scesesecsescesessssssl/3 ounce
3 pouNdS..cccesecssessccssesssl/2 ounce
4 poUNdS.ccoeescsscecessssessa2/3 ounce
6 POUNAS.ceseeeeccecccceccesesad/d ounce
16 poUNdS.csesesceescececeesess2 3/5 ounce
20 poundS..ccseeeccccsesceecssssd 1/5 ounce
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PRUNING

INTRODUCTION

To prune or not to prune? This is a question that faces gardeners often. Most feel
they ought, but are not sure why or how. Pruning is accepted practice for the orchard,
fairly frequently carried out in the rose garden, but rather haphazard elsewhere. Most

often it is only performed when a shrub or tree begins to encroach on its neighbor,

a path or a building.

Pruning is often looked upon as the answer to make a barren tree fruitful. Carried

out correctly, it will, eventually. However, years of neglect cannot be rectified in

one season. The unknowing pruner who cuts because he or she thinks that it ought to
be done but does not know how, often ends up with no flowers at all due to excessive
pruning or carrying out the operation at the wrong time of the year.

What then is pruning? Why, when and how should it be done? Pruning can be described
as the removal of a part or parts of a woody plant for a specific purpose. This chapter
explains the reasons for pruning, the proper techniques and tools to use, and when
various types of plants should be pruned.

REASONS FOR PRUNING

The reasons for pruning can be grouped under the four following categories:
to train the plant

to maintain plant health

to improve the quality of flowers, fruit, foliage or stems
to restrict growth

© 0 o000

Training the plant

The first pruning after trees and shrubs are received consists of removing broken,
crossing, and pest infested branches.

Trees With trees, the rule of pruning away one-third of the. top growth at transplanting
to compensate for root loss is not necessary for properly pruned nursery grown plants.
Excessive pruning at transplanting, according to research, reduces plant size and does
not aid in plant survival.

As a rule, the central leader of a tree should not be pruned, unless a leader is not
wanted, as is the case with some naturally low-branched trees or where multiple-stemmed
plants are desired. Trees with a central leader such as linden, sweet gum, or pin oak
may need little or no pruning except to eliminate branches competing with the central
leader; these should be shortened. Some pruning may be necessary to maintain desired
shape and shorten extra-vigorous shoots.

The height of the lowest branch can be from a few inches above the ground for screening
or windbreaks, to seven to twelve feet or more above the ground as needed near a street
or patio. The removal of lower limbs is usually done over a period of years beginning
in the nursery and continuing for several years after transplanting until the desired
height of trimming is reached.
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For greatest strength, branches selected for permanent scaffolds must have wide angle
of attachment with the trunk. Branch angles of less than 30 degrees from the main trunk
result in a very high percentage of breakage while those between 60 and 70 degrees
have a very small breakage rate.

Vertical branch spacing and radial branch distribution are important. If this has not
been done in the nursery it can at least be started at transplanting.

Major scaffold branches of shade trees should be spaced at least eight inches and preferably
twenty to twenty-four inches vertically. Closely spaced scaffolds will have fewer lateral
branches. The result will be long, thin branches with poor structural strength.
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Radial branch distribution should allow five to seven scaffolds to fill the circle

of space around a trunk. Radial spacing prevents one limb from overshadowing another,
which in turn reduces competition for light and nutrients. Remove or prune shoots that
are too low, too close, or too vigorous in relation to the leader and branches selected
to become the scaffold branches.

Shrubs When deciduous shrubs are planted bare root, some pruning may be necessary.
Light pruning of roots may be needed if any are broken, damaged, or dead. The branches
of shrubs should be pruned by the thinning method (covered later), not shearing, to
reduce overall plant size by one-half or more.

Shrubs transplanted with a ball of soil or from a container require little if any pruning.
Occasionally, branches may have been damaged in transit, and these should be removed
at the time of planting. Prune only to maintain desired size and shape.

Most evergreen trees and shrubs are sold B & B (balled and burlapped) or in a container
and, as with deciduous shrubs, require little pruning of branches.

Maintaining Plant Health

In pruning to maintain plant health, first consider sanitation, which includes the
elimination of dead, dying, or diseased wood. Any dying branch or stub can be the entry
point or build-up chamber for insects or fungi that could spread to other parts of
the tree. When removing wood infected with a disease, such as a fungal canker or fire

blight, it is important that the cut be made back in healthy wood beyond the point
of infection.
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As was mentioned under training, the development of a sound framework will help prevent
branches from shading out other, lower branches on the plant. Evergreen shrubs usually
will benefit from an occasional thinning of foliage. This thinning will allow penetration

of light and air throughout the shrub, resulting in even growth of the foliage.

Improving the Quality of Flowers, Fruit, Foliage or Stems

The more flowers and fruit a plant produces, the smaller they become, as can be witnessed
on an unpruned rose bush or fruit tree. Pruning reduces the amount of wood and so diverts
energy into the production of larger, though possibly fewer, flowers and/or fruit.

Most flowering shrubs will bloom either on last year's growth, or on new growth. Properly
timed pruning will increase the production of wood that will bear flowers.

Some deciduous shrubs have colored barks which are especially delightful in winter.
The best color is produced on young stems and the greatest stem length and most intense
color results from hard pruning.

Restricting Growth

Over time, trees and shrubs will often grow to sizes that exceed the space allowed
for them. Where space is limited, regular pruning becomes necessary to keep plants

in bounds. Regular pruning is necessary on formal hedges to maintain a uniform growth
rate. To reduce labor, select plants that will not exceed allotted space.

PRUNING TOOLS

Hand pruning shears are good for branches up to one-half inch in diameter. Attempting
to cut larger branches risks making a poor cut and/or ruining the shears.

There are two styles of hand shears: 1) the scissor action; and 2) the anvil cut. In
the second style, a sharpened blade cuts against a broad, flat blade. In the first,
a thin, sharp blade slides closely past a thicker but also sharp blade. The first one
usually costs more, but makes cleaner, closer cuts.

Pruning shears

Lopping shears

Lopping shears have long handles and are operated with both hands. Even the cheapest
can cut one-half inch diameter material. The better ones can slice through branches
of two inches or more, depending on species and condition (e.g., pin oak is tougher
than linden and dead wood is tougher, until decay sets in, than live wood).
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Pole pruners have a cutter with one hooked blade above and a cutting blade beneath.
The cutter is on a pole and is operated by a lanyard pulled downward. The poles can
either be in sections, that fit together or telescoping and can be made of several
materials. Wooden poles are heavy. Aluminum poles are light but can conduct electricity
if they touch an overhead wire. Fiberglass, or some type of plastic compound is probably
the best answer. Poles can be fitted with saws, but these usually are very frustrating
to use.

Use of pole pruners can be dangerous, as material cut overhead can fall on the operator
(unless it hangs up in other branches). The user should exercise caution and wear head
and eye protection.

Combination pole saw-pruner

Manual hedge shears have long, flat blades and relatively short handles, one for each
hand. Heavy duty shears with one blade serrated are good for difficult jobs.

Power hedge shears are also available. The most common for home use are electric models.

@%

Hedge shears

There are many makes and models of hand pruning saws. Fineness of cutting edge is measured
in points (teeth per inch). An 8 point saw is for delicate, close work on small shrubs
and trees. Average saws are about 5 1/2 to 6 points, while 4 1/2 point saws are for
fairly heavy limbs.

Folding saws either require a screwdriver (for a slotted-head holding screw) or will
have a protruding wingnut which can scar the trunk when a limb is cut. If the saw suddenly
folds while in use the operator's fingers can be damaged. A fixed blade saw with a
leather scabbard is safer.

Blades can be either straight or curved. Many prefer a curved blade that cuts on the
draw stroke. A double-edged saw has fine teeth on one side, coarse on the other. These
are difficult to use in densely branched plants.
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Bow saws are good only where no obstruction exists for a foot or more above the area
to be cut.

F— =\

Pruning saw
runing Bow saw

Chain saws come in a variety of sizes, both gas and electric. However, in general,
chainsaws are not appropriate for pruning of live plant material. They are better suited
to the removal of trees and cutting of firewood.

Care of Tools Clean and oil tools regularly, including wiping an oily cloth on blades
and other surfaces. Keep cutting edges sharp. Several passes with a good oil stone
will usually suffice. Wooden handles should be either painted, varnished, or regularly
treated with linseed oil. Use tools properly. Don't twist or strain pruners or loppers.
Keep the branch to be cut as deeply in the jaws and near the pivot, as possible. Don't
cut wires with pruning tools.

PRUNING TECHNIQUES

Twigs and Small Branches

When pruning twigs and small branches, always cut back to a vigorous bud or an intersecting
branch.

When cutting back to a bud, choose a bud that is pointing in the direction you wish
the new growth to take. Be sure not to leave a stub over the bud or cut too close to
the bud.

PROPER PRUNING ANGLE

RIGHT Hi WRONG

When cutting back to an intersecting (lateral) branch, choose a branch that forms an
angle of no more than 45 degrees with the branch to be removed. Also, the branch that
you cut back to should have a diameter of at least one-half that of the branch to be
removed. e
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Angle good but
branch too small
All right

Side branch diameter
1/2 that of part
removed

Branch size good but
angle too great

Make slanting cuts when removing limbs that grow upward; this prevents water from collecting
in the cut and expedites healing.

Thick, Heavy Branches

According to Dr. Alex Shigo of the Northeast Forest Experimental Station, United States
Department of Agriculture, thick heavy branches should be removed flush to the collar
at the base of the branch, not flush with the tree trunk.

The collar is an area of tissue that contains a chemically protective zone. In the
natural decay of a dead branch, when the decay advancing downward meets the internal
protected zone, an area of very strong wood meets an area of very weak wood. The branch
then falls away at this point leaving a small zone of decayed wood within the collar.
The decay is walled off in the collar. This is the natural shedding process when all
goes according to nature's plan. When the collar is removed, the protective zone is
removed, causing a serious trunk wound. Wood decay fungi can then easily infect the
trunk. If the pruned branch is living, removal of the collar at the base still causes
injury.

For over half a century the recommendations for pruning have been to flush cut and
paint. These recommendations have no basis in scientific fact. The flush cut increases
the tree injury which the paint hides. The paint is primarily cosmetic, a psychological
treatment for the person doing the pruning, to show that he or she has done something
to help the tree. In fact, paints or wound dressings may trap moisture and increase
disease problems.

When cutting branches over 1.5" in diameter, use a 3-part cut. This is accomplished
by first sawing an undercut from the bottom of the branch about six to twelve inches
out from the trunk and about 1/3 of the way through the branch. Next, make a second
cut from the top, about three inches further out from the undercut, until the branch
falls away. The resulting stub can then be cut back to the collar of the branch. If
there is danger of the branch damaging other limbs below, or objects on the ground,

it must first be properly roped and supported, then carefully lowered to the ground
after the second cut.
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Root Pruning

A tree growing in the woods or landscape for a long time may develop long roots running
fifteen to twenty-five feet or more away from the plant. These are sufficient because
of many-branched side roots, to physically support the tree, but if one were to investigate
the area in a three-foot radius about the trunk of that tree one would undoubtedly
find very few of the small feeding roots so essential to gathering nourishment for

the tree. These would probably be at quite some distance from the trunk, branching
off the long main roots. As a consequence, if the tree were to be balled and moved,
a major part of the necessary feeding roots would be cut off in the balling operation
and the tree might easily die when transplanted. This is the reason nuserymen root
prune nursery plants, to force them to grow a large number of small feeding roots near
the base of the plant- which are moved in the balling operation and insure growth after
transplanting.

To make it possible to safely dig small trees or shrubs in the woods, such trees should
be root pruned a year or so before they are moved. This is done by forcing a sharp
spade into the soil around the plant in a circle slightly smaller than the size of

the ball that will eventually be dug. Thus cutting all the roots that are at a depth
of a foot or more. The operation can be done in the very early spring and, if the plant
does not suffer too much, it might be moved late in the fall.

Another way of accomplishing the same thing is to cut the roots all on one side in
the spring, then on the other side the following spring, moving it that fall. Recent
reasearch indicates that most of the new roots grow from the cut end. Therefore a root
ball 4-6 inches larger than the rootpruned area must be dug to get the newly developed
roots.

Root pruning is also used to force a vigorous-growing fruit tree, Wisteria vine, or
flowering dogwood into bloom. Using a spade to cut the roots in a circle about the
plant early in the spring, as explained above, is all that is sometimes necessary to
force a tree, shrub or vine into bloom the following year.



PRUNING SHRUBS J
Deciduous Shrubs

The recommended pruning most deciduous shrubs consists of thinning out, gradual renewal
and rejuvenation pruning. In thinning out, a branch or twig is cut off at its point

of origin from the parent stem, to a lateral side branch, to be "Y" of a branch junction,
or at ground level. This method of pruning results in a more open plant and does not
stimulate excessive new growth. Considerable growth can be cut off without changing
the plant's natural appearance or habit of growth. Plants can be maintained at a given
height and width for years by thinning out. This method of pruning is best done with
hand pruning shears, loppers, or saw, but no hedge shears. Thinning allows room for
growth of side branches. Thin out the oldest and tallest stems first.
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In gradual renewal pruning, a few of the oldest and tallest branches are removed at
or slightly above ground level on an annual basis. Some thinning out pruning may be
necessary to shorten long branches or maintain a symmetrical shape.

To rejuvenate an old, overgrown shrub, one-third of the oldest, tallest branches can
be removed at or slightly above ground level before new growth starts.

When the shrub to be pruned is grown for its flowers, the pruning must be timed to
minimize disruption of the blooming.

Spring flowering shrubs bloom on last season's growth and should be pruned soon after

they bloom. This allows for vigorous growth during the summer to provide flower buds
for the following year. J
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The general pruning procedure, illustrated below for crape-myrtle, applies to
many other large shrubs and small trees of similar structure

Proper Method of Improper Method of
Pruning Crape-myrtle Pruning Crape-myrtle

This plant, pictured before pruning, needs to  Cutting at the dotted line is the usual course
have all weak and dead stems removed. taken by those who prune shrubs.

Same shrub after removal of weak and inter- The same plant after bad pruning, as indicated
fering wood, also base sucker growth. above. The sucker growth remains.

Results of proper pruning graceful, vigorous Result: the lovely natural shape of the shrub is
growth with distinctive shape. lost, and bloom will be sparse.
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Some examples of shrubs that bloom on last season's growth:

Cercis chinensis
Chaenomeles japonica
Chionanthus virginicus
Deutzia spp.
Exochorda racemosa
Forsythia spp.
Kerria japonica
Lonicera spp.
Magnolia stellata
Philadelphus spp.
Pieris spp.
Rhododendron spp.
Rosa spp.

Spiraea spp.

Syringa spp.

Tamarix parviflora
Virbunum spp.
Weigela florida

Chinese redbud

Japanese quince

Fringe tree

Spring flowering deutzias
Pearlbush

All forsythia species
Kerria

Honeysuckle

Star magnolia

Mockorange species
Andromeda species

Azaleas and rhododendrons
Rambling rose species
Early white spirea species
Lilac species

Small flowered tamarix
Virburnum species

Old fashioned weigela

Some shrubs that bloom after June usually do so from buds which are formed on shoots
that grow the