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Trees and Shrubs 
    in Montana


This publication is aimed at making it easy to identify trees and shrubs 
growing naturally within Montana. A few introduced species are also in-
cluded.


By learning how to identify trees and shrubs, you will improve your 
knowledge about Montana and about the growing things near streambeds, 
mountain slopes-practically everywhere that plants grow. You will find 
much pleasure in you pursuit, and you will also have at your command the 
beginning of an excellent hobby.


Two names are given for each tree or shrub. One is the common name 
and the other the scientific or Latin name. A tree or shrub may have several 
common names, but  it will have only one precise scientific name.


The forests of Montana cover 22,330,000 acres of the stateʼs 93.3 mil-
lion total acres. The greatest variety of trees and shrubs is in the forested 
areas. Windbreaks, shelterbelts, rivers and creeks are other areas that have 
numerous trees and shrubs. Many can be identified by using the keys in 
this publication.


Trees and shrubs are useful in many ways. They provide building ma-
terials, feed and cover of wildlife, watershed protection, Christmas trees, 
power poles, fence posts, railings, and hundreds of other uses.


The first section of this publication describes the softwood or “ever-
green” species of trees and shrubs. They are also called conifers. The sec-
ond section describes the hardwood or broadleaved trees. The third section 
is about broadleaved shrubs. Each of the three sections is preceded by a 
key for your use. Also included is supplementary list of trees and shrubs 
recommended for windbreaks and shelterbelts.
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How to Identify Trees and Shrubs
Trees and shrubs will be easy to identify when you become familiar 


with the keys used in this publication.
Three keys are provided for your use. One is for the conifers (both trees 


and shrubs), another is for the broadleaved (deciduous) trees, and the third 
is for the broadleaved shrubs. Since these keys have been arranged for the 
layman,  botanical terms have been reduced to a minimum. However, the 
keys will still be useful for students.


Most of the trees that are uncommon, or occur rarely, in Montana have 
been left out to make the keys short and easy to use. Only about one-fifth 
of the shrubs known to be in the state are included here.


You will have no difficulty following a key if you think of it in terms of 
traveling down a road where there are many, well-marked “Y” intersec-
tions. If you read the signs and follow the instructions, you will have no 
trouble getting where you want to go. In fact, you will get there easily.


Three Essential Points to Remember About Using a Key


1. Two opposing characteristics are always set down so that you will have 
a choice of the one that best fits the plant you want to identify.
For example: 1. Leaves 4-7 inches long...........................................
  1. Leaves less than 3 inches long...............................


2. After you select the characteristic, or proposition, that is the most de-
scriptive for your plant, read to the end of the line to find the identifying 
name. If it is not there, then look  down at the next step of proposition, 
or characteristics.


3. Donʼt skip down through the key. Take the contrasting pair of character-
istics, or propositions, in order. When you finally find the selection that 
has a name, check it with the description and illustration.


Follow Through with One Example
The plant we want to identify is a tree. The leaves are needle-like, 2 


inches long and in groups of two; cones are woody, 1-2 inches long.


Turn to the conifer key on page 3.
• Read the pair of propositions “number 1.” Youʼll find the second num-


ber 1 (page 4) proposition describes the plant best: “Leaves needle-like 
to awl-shaped, 1/4 inch or longer.”


• Read the indented pair of 5s under the proposition 1 that we selected. 
Youʼll find the second 5 best described our plant. The leaves in our 
example are in clusters of 2-5. But we still donʼt have a name.
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• Read the next indented pair of propositions, the 7s. Since the leaves are 
in clusters of two, and not single, we select the first 7.


• Read the next pair, the 8s. We select the first proposition 8 because our 
plant has needles in group of twos.


• We still have to look down at the next indented pair of prepositions. We 
select the second 9 because the leaves are less than 3 inches long. At 
the end of this line, we also find the name “Lodgepole Pine.”


• We can now turn to the appropriate page inside the bulletin to learn 
if our specimen corresponds with the illustration and the description. 
They correspond, so we have probably determined it correctly.


Key to Conifers
The conifers are cone-bearing trees or shrubs, the cones being woody, 


papery or berry-like. The leaves are needle-or-scale-like and, for most spe-
cies, evergreen. Exceptions are the larches, whose needle-like leaves fall 
each winter.


1. Leaves mostly scale-like, 1/4 inch long or less.
 2. Seeds in woody cones, branchlets flattened....
 


 2. Seeds in berry-like cones; branchlets not flat
  
  
  3. Plants creeping on ground........
  3. Plants upright shrubs
 4. Berry copper-colored under the powdery,  waxy coating;   
  pulp sweetish......................................


Western Red Cedar
page 22


Creeping Juniper
page 25


Utah Juniper
page 27
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4. Berry blue-black beneath waxy coating; 
    pulp resinous...................................


1. Leaves needle-like or awl-shaped, 1/4 inch or longer
5. Leaves 10-40, densely clustered on spur branches, 1/2 inch long   
 or less; leaves falling in winter


6. Twigs densely hairy; leaves four-sided            ............


6. Twigs sparsely or not at all hairy;
      leaves three-sided.......               .......................


5. Leaves single or in a cluster of two to five; evergreen
7. Leaves in clusters of two to five


8. Leaves in clusters of two to three............................
9. Leaves 4-7 inches long, in threes or twos;


             cones 3 inches or longer..........................


9. Leaves less than 3 inches long in twos; cones 
    2 inches or longer...................................


8. Leaves in clusters of five.............................


10. Cones cylindrical, 5-10 inches long, 
  scales thin.....................................................


10. Cones top- or egg-shaped, less than 6 inches
  long; scales thick


11. Young cones purple, falling when mature, scales 
mostly tight, cone disintegrate
on ground...........................................


11. Young cones green, persist on tree one year, scales 
open, last several years on ground............


Rocky Mountain Juniper
page 23


Subalpine Larch
page 12


Western Larch
page 13


Ponderosa Pine
page 8


Lodgepole Pine
page 7


Western White Pine
page 9


Whitebarked Pine
page 10


Limber Pine
page 11
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7. Leaves single...............................................................


12. Leaves four-sided, can be rolled between fingers
13. Cones 2 1/2 inches or more in length....
13. Cones less than 2 1/2 inches long


14. Cone scales broadly rounded at tip with
      smooth margin....................................


14. Cone scales angular with fringed edge..


12. Leaves flat or nearly so......................................
15. Leaves tapering to a sharp point; 
    a low shrub..............................................


15. Leaves with parallel sides; trees or shrubs


16. Seeds in reddish, berry-like cones; shrubs
      or trees usually under 15 feet...............


16. Seeds in papery or woody cones; shrubs or tall trees


17. Leaves not conspicuously stalked at base; cones
borne upright; cones scales fall individually


18. Cone scales as long as broad, usually can be
found under tree; leaves usually
on all sides of stem......


Colorado Spruce
page 14


White Spruce
page 15


Engelmann Spruce
page 16


Community Spruce
page 26


Pacific Yew
page 24


Subalpine Fir
page 21
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18. Cones scales broader than long; leaves
      usually on two sides of stem.....


17. Leaves narrowed at base into a short stalk or
raised from stem on a short stalk; cones hang
downward, entire cone falls when mature


19. Cones with prominent three-pointed
bracts extending beyond the scales...


19. Cones without such bracts.........


20. Cones 1 inch long or less;
leaves flat............................


20. Cones 1-3 inches long; leaves
rounded or ridged above


Grand Fir
page 20


Douglas-Fir
page 17


Western Hemlock
page 18


Mountain Hemlock
page 19
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Lodgepole pine is a tall, slender tree, 30 to 100 feet tall, with the trunk 
8-18 inches in diameter. It grows fast and often forms dense stands. The 
young trees do not grow in the shade of other trees, but after a fire they 
come in much thicker then they can survive and there is a natural thinning 
of the stand. The common name of this tree is derived from the early use 
made of it by the Indians and pioneer white settlers for constructing log 
frameworks and buildings.
Needles: 1-3 inches ling, two in each bundle.
Cones: 3/4-3 inches long, appear lopsided, are armed with sharp spines. 
Cones may open at maturity but often remain closed for many years. Heat 
of a fire usually will cause the cone to open and reseed the area.
Bark: About 2/5 inch thick, orange-brown to gray, flaky.


Lodgepole Pine
(Pinus contorta)
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Ponderosa Pine
(Pinus ponderosa)


Ponderosa pine is the state tree of Montana. It is a very important tree 
for lumber. It grows from 50 to 180 feet tall. The young trees are often 
called “black jack” or “bull pine,” and the older trees, “yellow pine.”
Needles: Three needles or sometimes two in each bundle, usually 4-7 
inches long in tufts at the end of the branches.
Cones: 3-6 inches long, broadly rounded at base, tapered to the tip, short 
and squat; bright green, becoming reddish brown as they get older. They 
are armed with small spines.
Bark: Dark on small trees, cinnamon-brown to orange-yellow, thick and 
broken into large, flat, irregular “jig-saw puzzle-shaped” plates on old 
trees.







9


Western White Pine
(Pinus monticola)


This tree is commercially important because its wood is soft, light-
weight and easily worked. It is a straight tree, 75 to 200 feet tall. Its lumber 
is used for mill work and matches. A blister rust disease is a very serious 
enemy of this tree.
Needle: 2-4 inches long, in clusters of five; flexible, bluish green.
Cones: 5-10 inches long, green before opening and light brown when ripe; 
scales thin. Found principally near the tops of the trees.
Bark: Thin, smooth and light gray on young trees; in dark gray square or 
rectangular plates on old trees.
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Whitebarked Pine
(Pinus albicaulis)


Both whitebarked pine and limber pine are usually short and gnarled, 
with large, edible seeds that are sought after by wildlife. Adapted to a wide 
variety of sites but usually grows on rocky soils and exposed sites at high 
elevations. It has little commercial value in Montana.
Needles: 11/2 –21/2 inches long, five in each bundle; grow in clusters at the 
ends of the branches.
Cones: 2-3 inches long, almost round, chocolate brown or purple. Seeds 
large, 1/3 to 1/2 inch long, without wings. “Cones disintegrate after matu-
rity.
Bark: Thin, scaly, light gray.
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Limber Pine
(Pinus flexilis)


Like whitebarked pine, limber pine is usually a twisted and stunted tree, 
from 15-30 feet in height. It is of little commercial value. Adapted to a 
wide variety of sites but usually found on summits, ridge tops and rocky 
foothills. It has some ornamental value.
Needles: 1-3 inches long, in dense clusters of five at and near the ends of 
the branches.
Cones: 3-6 inches long, green when young, turning pale, greenish brown 
as the cone matures. Seeds are large, 1/3-1/2 inch long, without wings, ed-
ible.
Bark: Thin, smooth, light gray on young trees, dark brown and plated on 
old trees.
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Subalpine Larch
(Larix lyallii)


This is a small tree, 25 to 50 feet tall, that grows only at very high 
elevations near the limits of tree growth along or west of the Continental 
Divide. It is not important as a commercial tree. Like all larches, it drops 
its needles in the fall.
Needles: 1-11/2 inches long in clusters of 30 or more; sharp-pointed, pale 
blue-green; turn yellow late in the autumn.
Cones: 1-2 inches long, egg-shaped, red-purple in color. Cone scales are 
broader than long, fringed at the margin and covered with fine-matted hair 
on the lower surface. Purple bracts stick out from among the cone scales.
Bark: Thin, ash-gray on young trees; purplish or reddish brown with loose 
scales on older trees.







13


Western Larch
(Larix occidentalis)


Western larch is large forest tree 100 to 200 feet in height. It has a 
straight trunk with a very open crown. It loses its needles in the winter, 
and in this way the larches are different than the rest of our cone-bearing 
trees. Western larch has many commercial uses. It is intolerant of shade. It 
occurs west of the Continental Divide in Montana.
Needles: 1-13/4 inches long, in clusters of 14 to 30; triangular, sharp-point-
ed, but soft to touch. Pale green in color, turn yellow before falling in early 
autumn.
Cones: 1-11/2 inches long, oblong, purple-red to red-brown, with numer-
ous thin stiff scales.  Seeds: 1/4 inch long, each with thin, fragile wing 1/2 
inch long. 
Bark: Thin, dark-colored and scaly on young trees; up to 4-6 inches thick, 
broken into plates, and red-brown to cinnamon-brown on older trees.
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Colorado (Blue) Spruce
(Picea pungens)


Colorado (blue) spruce is widely planted through the state as an orna-
mental tree and in windbreaks. It is a tall tree, 50 to 150 feet, with a dense 
crown. The tree, twigs and needles of the three spruces listed in this publi-
cation are very similar and not readily usable for recognition, but the cones 
are very distinctive. The bluish color of the leaves of some of the trees 
results from a wax (cutin) accumulation, which is genetically controlled. 
Only part of the trees of this species have this characteristic.
Needles: 1-11/2 inches long, single, very sharp-pointed, four-angled and 
four-sided, bluish green to silvery white in color.
Cones: 2-5 inches long, with papery scales that are angular and fringed at 
the tip.
Bark: Thick, scaly, grayish with cinnamon-red streaks.
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White Spruce
(Pinea glauca)


This tree grows over a large area in Canada and Alaska and is found 
occasionally in Montana. Like Engelmann spruce, it prefers damp woods 
and banks of streams and lakes. Usually, it is a rather small tree, 60 to 70 
feet high, and is not used for commercial purposes.
Needles: 1/3-3/4 inch long, with sharp, rigid tips, crowded on upper side of 
branch.
Cones: 1-21/2 inches long, light green or reddish with broad, smooth-mar-
gined scales.
Bark: Thin, ash brown to silvery; separated into irregular, thin plates.
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Engelmann Spruce
(Picea engelmannii)


Engelmann spruce is commonly found in cool mountain canyons along 
streams and lakesides. At high elevations, it grows in nearly pure stands. 
This spruce has a straight trunk with spreading and drooping branches in 
regular whorls forming a narrow spire. Its wood is white and soft.
Needles: 1 to 11/8 inches long, single, sharp-pointed, bluish green to sil-
very white in color.
Cones: 11/2 –21/2 inches long, oblong, with papery soft scales, tapered and 
irregular at the outer margins.
Bark: Thin, scaly, grayish-red to purplish-brown in color.
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Douglas-fir
(Pseudotsuga menziesii)


Douglas-fir is really not a fir at all. Many things about it are different 
than the true firs, especially the cones. Although it is a very large tree in 
coast areas, it seldom gets taller than 130 feet in Montana. Douglas-fir is 
used extensively for Christmas trees, lumber and plywood in this state. Its 
terminal buds are pointed.
Needles: 3/4-11/4 inches long, single, flat, slightly grooved above and 
marked below with two light bands. Needles become narrow at base where 
they are attached to the branchlets; sharper at the end than the true firs.
Cones: 2-3 inches long, 3/4-1 inch in diameter, oblong, can be identified by 
the three-pointed wings or bracts that stick out beyond the cones scales. 
Cones differ from those of true firs because they hang downward and do 
not shatter when they mature. Cones are distributed over all of the treeʼs 
crown.
Bark: Smooth, gray-brown with resin blisters on young trees; thick, deep-
ly grooved, cork-like and gray-brown on old trees.
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Western Hemlock
(Tsuga heterophylla)


Western hemlock is a large tree 125 to 175 feet tall that grows in humid 
areas where the soil is deep and moist. It has very dense, drooping foliage 
that forms a pyramidal crown with a drooping leader at the extreme top.
Needles: 1/4-3/4 inch long, single, rounded at end, flat and grooved above, 
dark shiny green on the upper surface; of varied lengths; the longer ones 
appear to spread mainly from the two opposite sides of the branchlets.
Cones: 3/4-1 inch long, oblong, hang down, light brown in color.
Bark: On old trees, 1-11/2 inches thick, deeply divided into broad, flat 
ridges; russet brown in color.
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Mountain Hemlock
(Tsuga mertensiana)


Mountain hemlock usually grows at high elevations, near the timber 
line. Although it may be a tall tree on moist sites, it is often a short, sprawl-
ing tree with drooping branches and tops. It has little commercial value.
Needles: 1/2-1 inch long, pale bluish-green, often grooved on upper sur-
face; bluntly pointed, stand out from all sides of the branches.
Cones: 1-3 inches long, yellow-green to purple, oblong and narrowed to-
ward the ends; mature in one season.
Bark: Thin (1-11/2 inches), broken and rough on young trees; hard, pur-
plish-to red-brown on old trunks.
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Grand Fir
(Abies grandis)


Grand fir, sometimes called lowland fir, is one of the two true firs na-
tive to Montana. Sometimes it is difficult to tell it from subalpine fir but 
is usually grows at low elevations. It often has a wide crown, with broad-
spreading lower limbs. It grows on damp sites, seldom getting more than 
120 feet in height and 3 feet in diameter in Montana. The wood of this tree 
has a spicy odor.
Needles: 1/2-2 inches long, blunt, single-notched at ends; dark green and 
shiny on upper surface, silvery white below; straight, flexible, stand out 
distinctly from two opposite sides of the branches, or grow nearly erect.
Cones: 2-4 inches long, cylindrical, bright green, grow upward. Mature 
in one season. Cones scales shatter in the fall, leaving only the cone axis 
on the tree.
Bark: Thin, smooth, gray-brown with resin blisters and white blotches 
on young stems, but 2-3 inches thick, red-brown, hard and rough on older 
trees.
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Subalpine Fir
(Abies lasiocarpa)


This tree reaches a height of 80 feet and a diameter of 2 feet but be-
comes much smaller at high elevations and is often a shrub-like tree at 
timberline. Usually has a long, dense, narrow, pyramidal, spire-like crown, 
with short, thick branches. It grows in shaded places where many other 
trees will not live and, although common at high elevations, it also grows 
in cool, narrow canyons and north slopes at low elevations.
Needles: 1/2-11/2 inches long, flat, crowded on the branches and often near-
ly erect because of a twist at the leaf base; blue-green in color.
Cones: Borne upright, 2-4 inches long, cylindrical, purplish; cone scales 
often longer than broad; shatter individually, leaving only the spinelike 
cone axis on the tree.
Bark: Thin, gray, smooth except for numerous resin blisters on young 
trees; gray to cinnamon-red on old trunks.
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Western Red Cedar
(Thuja plicata)


Western red cedar, also called giant arborvitae, is a large tree that grows 
to about 150 feet in height and 6 feet in diameter.  It is evenly tapered from 
base to top with horizontal or drooping branches. This tree is tolerant of 
shade and reproduces to form thick stands on favorable sites. Its growth is 
slow; trees over 1,000 years of age have been reported.
Leaves: Scale-like, 1/8-1/4 inch long, overlap in sequence; branchlets form 
flat sprays.
Cones: Leathery or somewhat woody, 1/2 inch long, composed of 8-12 
thin, spinetipped scales arranged in opposite pairs.
Bark: Thin, 1/2-1 inch, stringy, fibrous, with narrow ridges; cinnamon-red 
to gray-brown on old trunks.
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Rocky Mountain Juniper
(Juniperus scopulorum)


This tree varies from a bushy shrub to a tree 50 feet tall. The trunk is 
short and stout, often divided near the ground. The crown is generally 
dense, although the branches may become long, slender and drooping. 
These trees often are infected by a rust fungus that forms galls 1/2-1 inch 
in diameter.
Leaves: Scale-like, about 1/8 inch long, pointed; arranged in opposite pairs 
along the stems; ashy green on some trees, green or yellow-green on oth-
ers; branchlets slender. Juvenile leaves awl-shaped (see illustration).
Cones: Berry-like, one or two seeded, blue-green or green about 1/4 inch in 
diameter, take two years to mature.
Bark: Thin, fibrous, stringy, red-brown or gray-brown in color.
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Pacific Yew
(Taxus brevifolia)


A shrub or small tree rarely over 15 feet tall. It grows in moist soil and 
withstands shade. Illness and deaths among cattle have been attributed to 
eating the foliage of this plant in large quantities.
Leaves: 1/2-1 inch long, single, flat, pointed, green above and paler be-
neath; tapered at base into a short stalk.
Cones: Single seeded of a hard, bony seed, surrounded by fleshy tissue 
that is green when young but becomes scarlet when mature. This berry-
like structure is a modification of a cone and is not directly comparable to 
the fruits of flowering plants.
Bark: Very thin, 1/4 inch, scaly, dark purple-brown in color. Source of a 
drug used in treatment of some kinds of human cancer.
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Creeping Juniper
(Juniperus horizontalis)


Most common in eastern Montana, this prostrate shrub forms small or 
large mats, often 3 to 4 feet in diameter. Often found growing in a colony 
forming a complete cover on an area of 40 feet or more in diameter. The 
branches creep on the ground with upright tips, none of which is more 
than 12 inches above the ground. This native shrub is very similar to the 
Rocky Mountain juniper, but can usually be distinguished on-site by its 
creeping habit. Isolated fragmentary specimens, however, are not usually 
distinguishable.
Leaves: Scale-like, about 1/8 inch long, pointed; color from yellow-green 
to deep green.
Cones: Berry-like, green or blue, about 1/4 inch long; seeds commonly 
three or four.
Bark: Thin, somewhat fibrous, brownish red or gray, often discolored on 
side of stem in contact with soil.
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Community (Common) Juniper
(Juniperus communis)


A shrub 2 to 4 feet high with a broad-spreading form, the branches ris-
ing at ground level. Some forms are silvery in color, especially those in 
sandy, grassy areas, while other forms are green. It is usually distinguished 
from other Montana junipers by its sharp-pointed leaves that spread out 
from the stems. Widely found in mountains, foothills and floodplains.
Leaves: Awl-shaped, about 1/2 inch long, strongly convex on lower sur-
face and grooved above; in whorls of three; deep green to yellow-green 
or silvery.
Cones: Berry-like, globular, about 1/3 inch long, bright blue or covered 
with a whitish bloom; seeds, one to three.
Bark: Brownish-red, thin, shredding into plates or strings.
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Utah Juniper
(Juniperus osteosperma)


This juniper is a small tree or shrub about 6 to 15 feet tall. It is wide-
spread in The Great Basin, but in Montana is occurs only in the south-
central counties, mainly in Carbon County. The trunk is often crooked and 
single or with several stems forming a rounded clump.
Leaves: Scale-like, 1/16 to 1/8 inch long or less, arranged in twos or more 
commonly threes around the small stems; yellow-green, usually with a 
dark, glandular dot on the back; branchlets stubby.
Cones: Berry-like, rounded or oblong, about 1/3 inch long, copper to pale 
blue in color beneath the whitish waxy coating. Seeds one or rarely two, 
very hard (bony) and bicolored (brown and white), surrounded by a sweet 
pulp.
Bark: Thin, ashy gray, ridged and scaly.
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Key to Broadleaved Trees
The broadleaved trees have flowers, which in most of the trees are not 


showy. Their seeds are enclosed in a dry or fleshy covering, the fruit.


1. Leaves in pairs directly opposite each other..............


2. Leaf blade of one part (simple), small tree or shrub...........


2. Leaf with several leaflets (compound), small trees


3. Leaflets, three or five; margins with coarse teeth;
one- to two-year twigs green................................................


3. Leaflets five, seven or nine; fine-toothed;
twigs gray...................................................................


1. Leaves alternating, not directly opposite each other...........


4. Leaf with several leaflets (compound)...........................


4. Leaf undivided..................................................................


5. Leaf edges rolled under, lower surface woolly-hairy........


5. Leaf edges flat, lower surface not woolly


Rocky Mountain Maple 
page 45


Boxelder
page 46


Green Ash
page 47


Greenʼs Mountain Ash 
page 42


Curlleaved Mountain Mahogany 
page 44
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6. Stems thorny (thorns are pointed, dwarfed branches)


7. Thorns smooth, shiny, on sides of stem..........................


7. Thorns rough, at tips or sides of stem.........................


6. Stems not thorny


8. Petiole (stalk of leaf) flattened


9. Buds not sticky..............................................


9. Buds sticky with resin..............................


8. Petiole (stalk of leaf) cylindrical or channeled
Go to number 10, at left below.


10. Buds sticky with resin, fragrant when crushed


11. Leaf blades whitish or gray beneath, sharply
contrasted with upper green surface................


11. Leaf blades light green beneath, the two surfaces
not sharply contrasted.......................


10. Buds not sticky when crushed, not fragrant


12. Bark on trunk white, twigs brown..............................


12. Bark on trunk whitish green to black, twigs variously colored


13. Bud scale, one, forming a cap over bud.....................


13. Bud scales, two or more..........................................


Black Hawthorn 
page 43


American Plum 
page 40


Quaking Aspen 
page 35


Plains Cottonwood 
page 34


Willow 
page 31


Black Cottonwood 
page 32


Paper Birch 
page 37


Narrowleaved Cottonwood 
page 33
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14. Sides of leaf base unequal, one side larger; bark
on trunk ridged and having alternate tan and 
brown layer................................................................


14. Sides of leaf base equal; bark not layered as above


15. Buds raised on short stalks; usually some old cone-like 
structures from previous season on tree.......................


15. Buds not stalked; old cone-like structures usually
not present


16. Bark shiny brown, spotted with small, 
corky streaks crosswise on older stems; 
twigs resinous-roughened...............................


16. Bark gray or dull brown with oval to
circular, corky spots or none; twigs not 
resinous-roughened..........................................


17. Fruit 1/2 inch or larger; flowers and 
fruit stems attached together
in one group..................................................


17. Fruit under 1/2 inch in diameter; flowers
and fruit attached separately along
sides of a central axis....................................


American Elm 
page 39


Thinleaved Alder 
page 38


Water Birch 
page 36


American Plum 
page 40


Common Chokecherry 
page 41
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Peachleaved Willow
(Salix amygdaloides)


There are many kinds of native willows in Montana, but most of them 
do not reach tree size. Of the few species that may appear as a tree, the 
peachleaved willow is the most abundant and widespread. Usually 30 to 
50 feet tall and as much as two feet in diameter, with rounded crowns.
Leaves: 2-5 inches long and 3/4-11/2 inches wide, long, pointed; light green 
and lustrous above, pale and dull beneath.
Bark: Brown, 1/2-13/4 inches thick, irregularly furrowed.
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Black Cottonwood
(Populus trichocarpa)


Black cottonwood, which grows up to 120 feet, is the largest of our cot-
tonwoods. Its trunk is commonly free of branches up to one-half its height. 
It has broad, oval-shaped crowns when grown in open sites. It grows on 
moist soils along water courses.
Leaves: 3-7 inches long and 3-4 inches wide; broad, rounded at base; 
thick, leathery; deep, shiny green on upper surface, very veiny and silvery 
white on lower surface.
Bark: Smooth and greenish on young stems; becomes gray and sharply 
furrowed, 1 to 21/2 inches thick as the tree ages.
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Narrowleaved Cottonwood
(Populus angustifolia)


This is a medium-sized tree 50 to 70 feet tall. Like the other cottonwoods, 
it grows in moist places, along streams and rivers and about lakes.
Leaves: 2-6 inches long and 3/4 to 11/2 inches wide; smooth and yellow-
green on the top, smooth and pale on the bottom; thin and firm in texture. 
Leaf stems are short, slender and slightly flattened or channeled on the 
upper side.
Bark: Smooth, unbroken and pale green on young trees; light gray-brown 
and brown on older trees.
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Plains Cottonwood
(Populus deltoides)


This is a large tree 60 to 90 feet tall and trunk often 6 to 7 feet in di-
ameter. It has a broad, open crown with stout, erect, spreading branches. 
Like all cottonwoods, it grows only where there is an abundance of soil 
moisture.
Leaves: Broadly triangular, 3-6 inches long and usually slightly longer 
than broad. The leaf stalk is flattened, slender and 21/2-31/2 inches long. The 
leaf has a round-toothed, thickened margin.
Bark: Gray and smooth on young trees; thick, ash gray and furrowed on 
older trees.
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Quaking Aspen
(Populus tremuloides)


This tree is called quaking aspen because its leaves tremble in the 
slightest breeze. It is usually found at high elevations where moisture is 
available. In exposed places, it is greatly stunted but on favorable sites it 
grows in pure stands, and the trees have straight trunks clean of branches 
for two-thirds of their length. The wood is soft and light but will decay 
quickly unless treated.
Leaves: Small and rounded, 11/2-3 inches in diameter, with fine, tooth-like 
margins. Green and shiny above, dull or pale below. Turn golden yellow 
in autumn.
Bark: Thin, gray-white to cream-colored; often marked by dark wart-like 
swellings. Becomes dark and furrowed near the bases of old trees.
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Water Birch
(Betula occidentalis)


This is a shrub or small tree 20-25 feet tall, sometimes called red birch, 
that grows along stream courses and on moist sites. It has a broad, open 
crown with graceful, ascending branches. Frequently, it is found in dense 
thickets.
Leaves: Ovate, margins evenly or doubly toothed, thin and firm; dark 
green above, pale yellow-green below. Leaf stalk rather thick and short, 
stout, 1/3-1/2 inch long.
Bark: Thin, 1/4 inch thick, smooth, lustrous, dark bronze, with horizontal 
corky lines.
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Paper Birch
(Betula papyrifera)


Paper birch is a beautiful tree growing 60 to 80 feet tall. It cannot stand 
shade and takes over extensive areas after fires. It was used by Indians for 
making canoes and baskets.
Leaves: Ovate, 2-5 inches long and 1-2 inches wide, usually rounded at 
the base, margins densely toothed; dark green and shiny above, yellow-
green below.
Bark: Cream white; separating into thin, papery layers, marked by long, 
narrow, horizontal, dark, corky lines; inner bark orange.
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Thinleaved Alder
(Alnus incana)


Thinleaved alder is a shrub or small tree 30 feet tall with an open crown 
and wide-spreading, ascending branches. It grows on moist, well-drained 
sites such as the banks of mountain streams and canyons. Abundant water 
is necessary for its success. Usually dark, cone-like fruiting structures re-
main attached to the branchlets.
Leaves: 11/2-4 inches long and 1-21/2 inches wide, broadly ovate, slightly 
hairy on the upper surface and woolly along the veins of the lower surface; 
edges have coarse teeth pointing upward. Leaves are deep grass-green on 
upper surfaces, light yellow-green below.
Bark: Thin, dull gray to brown, smooth except at the base of trunk of large 
trees.
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American Elm
(Ulmus americana)


American elm is a large, majestic tree in the eastern United States but 
rather small in its occurrence in eastern Montana. The trunk is usually di-
vided into several erect limbs forming a symmetrical, vase-shaped crown. 
It is found on moist land particularly along streams. Dutch elm disease, 
which has spread gradually across the United States, poses a threat to this 
species. American elm is native in extreme eastern Montana and has been 
used extensively for boulevard planting elsewhere.
Leaves: 3-6 inches long, 1-3 inches wide, unequal at the base; margins 
coarsely double-toothed; dark green and rough to touch above, pale and 
slightly hairy below; turns clear yellow in the autumn.
Bark: 1-11/2 inches thick, ashy gray, divided by fissures into broad ridg-
es.
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American Plum
(Prunus americana)


A shrub or small tree up to 25 feet tall with a trunk 3-8 inches in diam-
eter that branches near the ground or sometimes at the 3- to 6-foot level. 
The crown is broad, with many spreading branches.
Leaves: Oval or elongate, 2-31/2 inches long and 1-13/4 inches wide, with 
a pointed tip. The edges are sharp and often double-toothed. The surfaces 
are dark green above and somewhat pale below, without hairs.
Fruit: Oval to spherical, about 1 inch in diameter; red and often spotted 
in maturity; thick-skinned; fleshy, bright yellow, juicy; pit flattened. Used 
for jellies.
Bark: Up to 1/2 inch thick, dark brown, tinged with red; outer layer forms 
into plates on older trunk.
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Common Chokecherry
(Prunus virginiana)


Found on mountain slopes, stream borders and dry hills throughout Mon-
tana. It is more often a shrub than a tree, usually with a crooked trunk and 
a spreading crown; often forms dense thickets. Rarely over 30 feet tall in 
Montana.
Leaves: 2-4 inches long, 1-2 inches wide, ovate, sharp or taper-pointed at 
the tip, rounded at the base; margins finely toothed; dark green above, pale 
and somewhat hairy beneath, bearing a pair of glandular bumps on the leaf-
stalk just below the base of the blade. Poisonous to livestock  when young, 
but rarely eaten.
Fruit: 1/4-1/3 inch in diameter, in dense clusters. Bright red, scarlet or nearly 
black; thick skin, juicy; can be eaten or made into syrup, jelly or wine.
Bark: Thin, red-brown, slightly furrowed with tan marks; very bitter to the 
taste.
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Greenʼs Mountain-Ash
(Sorbus scopulina)


Greenʼs mountian-ash is not a true ash but is closely related to apples 
and pears. It is a small tree or large shrub, usually growing in mountain 
canyons. Its principal uses are for ornamental planting and for wildlife 
food. It produces clusters of red to bright orange fruits in autumn, and the 
fall foliage color is bright and showy. Another native species, the Sitka 
mountain-ash (S. sitchensis), is shrubbier and occurs mostly in northwest-
ern Montana. The most commonly cultivated mountain-ash in Montana is 
the European mountain-ash (S. aucuparia).
Leaves: Occur alternately, 4-6 inches long with 11 to 17 leaflets 1-2 inches 
long and 1/2-1 inch wide, taper-tipped or lance-shaped; colored orange-red 
in autumn.
Fruit: Berrylike, 1/4 inch in diameter, bright reddish-orange, in flat clus-
ters.
Bark: Thin (1/8 inch),  reddish brown; smooth or slightly roughened by 
scales.
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Black Hawthorn
(Crataegus douglasii)


Black hawthorn is usually a shrub but under favorable conditions it can 
become a small tree. It rarely gets more than 35 feet tall. It has a round-
topped crown with spreading branches that slant upward. Usually,  it has 
thorns 1/3-1 inch long on the branchlets.
Leaves: Broad, ovate, thick, somewhat leathery; round or pointed at the 
tips; wedge-shaped at the base, coarsely sawtoothed toward the tips, dark 
green above, paler below; usually cut into unequal lobes. Leaves are often 
spotted with orange-colored, diseased areas. This rust disease spends part 
of its life on hawthorn and part on the juniper, where it has a conspicuous, 
slimy growth in the spring when discharging spores. This slimy growth 
later becomes a gall.
Fruit: About 1/2 inch in diameter, usually in clusters of eight or 10, the 
flesh sweet and succulent; containing about five seeds.
Bark: Gray,  or shiny-red to brown  on young twigs.
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Curlleaved Mountain Mahogany
(Cercocarpus ledifolius)


A shrub or small tree rarely over 20 feet tall. The trunk is short and 
crooked with a round, compact crown composed of crooked and spread-
ing branches. Usually grows on dry, gravelly limestone areas. Very dense, 
hard wood.
Leaves: Evergreen, 1/2-1 inch long, 1/3-2/3 inch wide, thick and leathery, 
margins smooth and curled toward the lower side; dark green and shiny 
above, pale and densely hairy beneath.
Fruit: One-seeded and grain-like, covered with long hairs, tipped with a 
hairy, elongated style 2-3 inches long.
Bark: As much as 1 inch thick on old trunks, thin on smaller plants and 
branches; red-brown, hard, flaky.
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Rocky Mountain Maple
(Acer glabrum)


This species is a shrub or small tree 20-30 feet tall with a trunk diam-
eter up to 8 inches. It often grows along mountain streams and on sides of 
canyons. Rocky Mountain maple, often called dwarf maple, is a striking 
feature of mountain sides in autumn after the leaves have taken on their 
varied coloration.
Leaves: 2-4 inches broad, about as long as broad, rounded in outline, dis-
tinctly divided into three to five lobes; thin, dark green above, paler below. 
Brilliant red, thickened areas, resulting from mite damage, are very com-
mon on Montana Rocky Mountain maple leaves.
Fruit: Symmetrically double, slightly spreading with elongate, broadened 
wings, 3/4-1 inch long,  often rose-colored in summer.
Bark: Thin, smooth, dark red-brown.







46


Boxelder
(Acer negundo)


A small tree rarely over 40 feet tall and with a trunk diameter of about 1 
foot. The trunk is usually irregular and divided 3-6 feet above the ground. 
When grown in the open, the crown is round, the branches widespread. 
This tree is a close relative of maples, but differs in that its leaves are di-
vided into three or occasionally as many as seven leaflets.
Leaves: Compound, of three distinct leaflets (sometimes five or seven); 
leaflets 11/2-4 inches long, 11/2 -2 inches wide, margins coarse and irregu-
larly toothed above the middle; light green and smooth above; pale and 
hairy beneath.
Fruit: A double-winged fruit, united at base; 1-2 inches long.
Bark: Gray, firm, 1/2 inch or less thick, deeply divided by furrows into 
broad rounded ridges.
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Green Ash
(Fraxinus pennsylvanica)


The green ash is a meduim-sized, usually round-topped tree 30-50 feet 
tall with slender, spreading branches. Although usually found along the 
banks of streams, it also is relatively drought tolerant and is often planted 
for windbreaks and beautification purposes.
Leaves: With seven to nine leaflets, usually seven. Leaflets 2-4 inches 
long, and 11/2 inches wide. Long, pointed tips, finely toothed margins. 
Bright green on both surfaces.
Fruit: Single-seeded, with a long, narrow wing, 1-21/2 inches long.
Bark: Gray to brown, tinged with red, slightly furrowed, 1/2-2/3 inch 
thick.
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Mountain Alder (Alnus viridis)-This tree or shrub is 
very similar to thinleaved alder but differs mainly in 
that the flowers develop on year-old twigs rather than 
those of the current season. The fruiting cones are 
borne on stalks shorter than the cones, and the indi-
vidual fruits, sometimes incorrectly referred to as seed, 
are not winged. Grows along streams in the mountains 
of western Montana.


Lanceleaved Cottonwood (Papulus x acuminata)-
Very similar to the narrowleaved cottonwood. The 
main difference is a leafstalk three-quarters the length 
of the blade and the blade less than twice as long as 
wide with a somewhat rounded base. This tree gener-
ally is thought to be a hybrid between the narrowleaved 
cottonwood and plains cottonwood.


Bur Oak (Quercus macrocarpa)-This is a variety of 
the common, large, mossycup oak of the East. The tree 
is somewhat smaller, as is also the acorn, but otherwise 
it is similar to the bur oak of the east that is common 
in Montana city planting. It is native to extreme south-
eastern Montana.


Hawthorn-These additional species of hawthorn are 
also known to be in Montana, and there may still be 
others:


Columbia Hawthorn................Crataegus columbiana
Fleshy Hawthorn.......................Crataegus succulenta
Yellow Hawthorn....................Crataegus chrysophyta


The species of hawthorn hybridize where they occur in 
the some range, making identification difficult.


Other Trees
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Siberian Elm (Ulmus pumila)-Dense, fast-growing 
tree adapted to a wide range of conditions; branches 
usually brittle, but corrective pruning can minimize 
wind breakage. Severe fall and winter freezes can 
cause extensive damage. Is 25-30 feet tall at maturity; 
fair to good cold-hardiness.
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Key to Broadleaved Shrubs
Shrubs are woody plants that branch freely from near the soil level. 


Some woody plants are intermediate between trees and shrubs. Others are 
shrubs under certain conditions of the habitat but under other conditions 
are trees, and described as such in the section on broadleaved trees. Only 
about one-fifth of Montanaʼs shrubs are listed in this publication.


1. Leaves and buds in pairs at each stem joint (opposite) or all in a 
basal tuft.


2. Leaves sword-shaped, about 1 foot long, all in a basal tuft.......


2. Leaves under 1 foot long, not sword-shaped, arranged
along the stem


3. Leaves compound (blades divided into leaflets)...


3. Leaves simple (the blade not divided)


4. Thorns present (actually sharp-pointed
side branches)........................................................


4. Thorns not present (lateral branches not pointed)


5. Leaves silvery-green, covered with hairs...


5. Leaves green, not covered with hairs


6. Shrubs 2-3 feet tall; bark light brown or gray....


6. Shrubs 4 feet or taller, or if low, then the bark red


7. Twigs green, tan or whitish


8. Buds large (1/2 inch or longer); leaves 
broadly heart-shaped; pith white, solid..............


Yucca 
page 69


Black Elderberry 
page 58


Buffaloberry 
page 55


Nuttallʼs Saltbush 
page 64


Snowberry 
page 67


Lilac 
page 60
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8. Buds small (under 1/2 inch), leaves oval
pith brown and hollow........................


7. Twigs, or at least part of them, red


9. Leaves deeply lobed
(maple-leaf-shaped)..............


9. Leaves not lobed...........................


1. Leaves and buds one at each stem joint (alternate)


10. Spines, thorns or short, spiny branches present


11. Leaves compound (blade composed
of several leaflets)......................................................


11. Leaves simple (leaf blade all one part)


12. Thorns smooth, deep brown..............................


12. Thorns rough


13. Bark brown or gray on young branches...


13. Bark white or tan or green


14. Leaves fleshy, cylindrical to
 somewhat flattened; shrubs mostly 
over 2 feet tall.............................


14. Leaves not fleshy, oval; shrubs mostly under
2 feet..........................................................


10. Spines, thorns or spine-like branches absent


15. Leaves compound (blade composed of several leaflets)


16. Leaflets five or fewer


17. Leaflets fine-toothed or smooth.....


Honeysuckle 
page 59


Rocky Mountain Maple 
page 45


Caragana 
page 56


Hawthorn 
page 43, 48


American Plum 
page 40


Shadscale 
page 66


Black Greasewood 
page 59


Shrubby Cinquefoil 
page 57


Red Dogwood 
page 58
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17. Leaflets with three or more deep lobes
or coarse teeth..........................................................


16. Leaflets seven or more


18. Leaflets smooth-margined; young twigs
green, pliable.....................................................


18. Leaflets toothed; young twigs woody
and rigid.......................................................


15. Leaves simple (the blade not divided into leaflets)


19. Shrubs 4 feet or taller, one bud scale
forming a covering cap over bud..............................


19. Shrubs of various heights, bud scales two or more


20. Leaves linear (10 or more times longer then
wide and the sides parallel or nearly so)


21. Woody stem extending at least 
6 inches above ground .................


21. Woody stem basal, the current seasonʼs growth
dying back to a knotted base........


20. Leaves not linear, oval to circular or angular


22. Upper surface of leaves silvery from hairs or scales


23. Leaves with three teeth
at tip of leaf...................................


23. Leaves not having large teeth or lobes at tips


24. Leaves silvery from scales; upright
shrub usually 6 feet or taller.........


24. Leaves silvery from hairs; shrubs 3
feet or lower


Skunkbrush 
page 65


Caragana 
page 56


Mountain Ash 
page 42


Willow 
page 69


Rabbitbrush 
page 62


Broom Snakewood  
page 66


Big Sagebrush 
page 62


Russian Olive 
page 61
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25. When crushed, leaves give
a sagebrush fragrance.....


25. Leaves not giving a sagebrush
fragrance........................


22. Upper surface with or without hairs but not silvery


26. Leaves densely hairy beneath, the lower surface
hidden by hairs


27. Leaves with three prominent
teeth across the tip..............................


27. Leaves with smooth 
margins......


26. Leaves variously hairy or without hairs, but the 
lower surface not hidden


28. Leaf marginal teeth all about the same size,
not lobed


29. Leaf with a narrow, extended tip......................


29. Leaves rounded over the tip


30. Leaf broadly oval to circular, marginal teeth
prominent only on upper half of leaf...............


30. Leaf narrowly oval; teeth not prominent
but often evident.........................................


28. Leaf unequally toothed or lobed


31. Leaves not having three main veins
from the base of blade.............................


Silver Sagebrush 
page 63


Gray Horsebrush 
page 60


Antelope Bitterbrush 
page 55


Curlleaved Mountain Mahogany  
page 61


Chokecherry 
page 56


Serviceberry 
page 65


Sandcherry 
page 64


Mountain Spray 
page 68
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31. Leaves with three main veins from the base 
of the blade


32. Glandular hairs (hairs with knob-
like tips) present on leaves and young 
twigs; bark on main stem not 
shredding.............................


32. Glandular hairs not present, bark 
shredding into long strips...........


Sticky Currant 
page 57


Ninebark 
page 61
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Shrubs
General Characteristics


Mountain Ash
(See page 42)


Buffaloberry
(Shepherdia argentea)


A bushy,  silvery shrub or small tree 
rarely more than 15 feet tall, thicket-
forming.  Excellent for wildlife; fruit can 
be used for making jelly; has excellent 
cold-hardiness and good response to both 
dry and moist sites.


Antelope Bitterbrush
(Purshia tridentata)


Grayish green, intricately branched 
shrub 11/2-4 feet tall with brown or gray-
ish bark; leaves small, thick leathery,  
wedge-shaped, about 1/4-3/4 inch long, 
finely white-felty below, three-toothed 
at tip, side margins slightly inrolled, oc-
curring usually in small bunches on short 
branchlets; flowers yellow, and 1/2 inch 
across with five petals, grow along stems 
on short branchlets; fruits small , seed-
like, narrowed to slender point at tip and 
tapering to base, borne singly or some-
times in twos.
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Caragana
(Caragana arborescens)


A dense, attractive, many-stemmed 
shrub with a mature height of 10-12 feet, 
rapid grower, long life, disease-free. Ex-
cellent for outside shrub row and ideal 
for wildlife. Does well on both dryland 
and irrigated sites, but response on high 
water table land is poor. Excellent cold-
hardiness. Both spiny and unarmed vari-
eties are available from nurseries.


Common Chokecherry
(See also page 41)


Shrub or tree widely distributed in 
North America; abundant producer of 
edible fruit, which is used for jelly, syrup 
and wine; 15 feet in height at maturity; 
excellent cold-hardiness. Young leaves 
poisonous to livestock and humans.
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Shrubby Cinquefoil
(Potentilla fruticosa)


Low, widely branching shrub, 1/2-4 
feet tall; leaves mostly 1/2-1 inch long, 
white-silky below, divided into three to 
five smaller, oblong leaflets; flowers 1/2-
1 inch across, five petals, bright yellow; 
fruits tiny, seed-like.


Sticky Currant
(Ribes viscosissimum)


Spreading, rather stiffly branched, 
shrub 1-3 feet tall, with shreddy bark and 
fragrant, sticky foliage; leaves roundish, 
heart-shaped, 1-21/2 inches wide, usually 
with three broad, rounded lobes, the mar-
gins toothed; flower tubes broad, green-
ish or pinkish lavender, with five lobes 
half as long as tube, borne in several 
flowered clusters 1-3 inches long; berries 
oval, generally ribbed lengthwise, black, 
smooth or sticky-hairy,  about 1/3-1/2 inch 
in diameter, flower-tube withered but re-
maining on fruit.
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Red Dogwood
(Cornus stolonifera)


Stems bright or purplish red, pliable, 
sometimes tend to lodge and root at 
tips; 5-8 feet tall; whitish or bluish ber-
ries. Grows along stream banks or moist 
sites; fair winter-hardiness.


Black Elderberry
(Sambucus racemosa)


Spreading shrubs 10-12 feet tall, with 
branches reddish brown; 5 to 7 dark 
green leaflets, oblong, lance-shaped, 3 
1/2-6 inches long, long-pointed,  coarsely 
toothed, hairy below when young, be-
coming smooth later; flowers yellowish 
white in broadly egg-shaped clusters 2-3 
inches across, about as broad as tall; ber-
ries black.
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Black Greasewood
(Sarcobatus vermiculatus)


Many-branched shrub, 3-5 feet tall, 
with spine-tipped branchlets; bark white, 
or grayish or blackish later, leaves alter-
nate,  long and narrow, fleshy,  round-
ed below, flat above, 1/2-2 inches long, 
smooth; stamen-flowers in dense, cylin-
drical, cone-like clusters at the ends of 
short branches; flowers small,  incon-
spicuous, greenish without petals, on 
short branches in leaf-axils, often on dif-
ferent plants than stamen-flowers; fruits 
small, with thin,  wavy, ruffle-like wing 
around the middle.


Hawthorn
(See pages 43, 48)


Honeysuckle
(Lonicera tatarica)


Many-stemmed, attractive, globe-
shaped shrub,  8-10 feet tall with numer-
ous pink and white flowers; good wild-
life food and cover; not subject to insect 
or disease damage; excellent cold-hardi-
ness.
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Horsebrush
(Tetradymia canescens)


Thickly branched shrub 1/3-2 feet tall 
with white, felty foliage; leaves 1/4-1/2 
inch long, narrow, or with broad tips, 
densely white felt-covered,  bunched at 
stem joints; flowers yellow, about four to 
a head,  surrounded by four or five bracts 
at the flower base; heads about 1/2 inch 
tall, borne in compact, somewhat flat-
topped clusters at ends of stems; seed-
like fruits smooth or thinly hairy, each 
with tuft of grayish bristle at tip.


Mountain Mahogany
(Cercoparpus montanus)


Shrub 3-9 feet tall with grayish brown 
bark; leaves somewhat oval, 2-4 inches 
long, coarsely toothed above the middle, 
dark green and smooth above, pale and 
finely fuzzy underneath, rounded or blunt 
tips, wedge-shaped at base; fruiting styles 
2-3 inches long.


Common Lilac
(Syringa vulgaris)


Dense, slow to medium growth; long-
lived; 6-10 feet in height; sprouts heav-
ily; occasionally becomes infested with 
scale insects; excellent cold-hardiness.
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Curlleaved Mountain 
Mahogany


(Cercocarpus ledifolius)
(See page 44)


Evergreen shrub or small tree; leaves 
alternate, narrowly elliptic, rolled under,  
leathery, upper  surface smooth, lower 
surface densely woolly; buds small, 
woolly, in leaf axils; young stems dull 
reddish brown; older stems gray,  fur-
rowed and scaly,  pith of irregular shape, 
light green, less than 1/2 inch of stem di-
ameter; fruit,  a seed with feathery tail, 
often persistent.


Rocky Mountain Maple
(See page 45)


Ninebark
(Physocarpus malvaceus)


Leaf  blades 1-21/2 inches long, round-
ish to broadly oval, green above, pale 
underneath; leaf stalks 1/3-3/4 inch long; 
bracts at base of flower stems membra-
nous and scale-like, soon fall. Bark shred-
ding in long strips on mature stems.


Russian Olive
(Elaeagnus angustifolia)


Small tree with dense crown; rapid 
grower, adapted to a wide range of soil, 
both dryland and irrigated; widely used 
and well-liked throughout Montana; 
30 feet in height at maturity; excellent 
cold-hardiness; especially well-suited for 
wildlife.







62


American Plum
(See page 40)


Rabbitbrush
(Chrysothamnus viscidiflorus)


Variable species and many varieties; 
is shrub 11/2 to 4 feet tall,  stems pale 
green or white; leaves narrow to oblong, 
lance-shaped, 3/4-21/2 inches long, one-to 
three-nerved or five-nerved variety, often 
twisted, smooth but sticky; flower heads 
in broad spreading, oblong to round or 
flat-topped clusters, flowering branches 
rather glutinous; involucre about 1/4 inch 
tall,  the bracts oblong to long and nar-
row, boat-shaped, not ridged on back; 
in poorly-defined, vertical rows; flowers 
about five to a head; seeds usually dense-
ly hairy.


Big Sagebrush
(Artemisia tridentata)


One to 12-foot tall shrub with trunk 
or several trunk-like branches; has silver 
gray to whitish foliage with dense, fine 
hairs; bark, dark brown to nearly black, 
shred-like; leaves 2/3-1 inch long, narrow,  
wedge-shaped, generally three-toothed, 
sometimes as many as five at tip; flow-
ers four to six, sometimes nine, in small 
heads; heads yellowish or brownish in 
loose clusters 1-4 inches across.
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Silver Sagebrush
(Artemisia cana)


Silver-gray to yellowish shrub 1-3 
feet tall. Has turpentine-like odor; stems 
branch freely to form rounded bushes,  
older stems have dark brown fibrous 
bark; leaves silky-haired, 2/3-3 inches 
long, narrow, with pointed tips; flower 
heads yellowish in narrow leafy clusters 
5-12 long,  2/3-2 inches wide.


Fourwinged Saltbush
(Atriplex canescens)


Branched shrub, 1-5 feet tall, round-
topped with grayish,  white  foliage; 
leaves 3/4-2 inches long, narrowly oblong 
and broader at tip, fuzzy; flowers green-
ish or yellowish,  very small in dense 
clusters in leaf axils or on short branch-
es; fruits small and seed-like with wings 
1/4-1/2 inch long and 2/3 as broad.
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Nuttallʼs Saltbush
(Atriplex gardneri)


Semi-prostrate half-shrub, evergreen; 
leaves alternate, oval-shaped, scurfy or 
scaly; buds naked,  inconspicuous; young 
stems herbaceous, scurfy; fruit knobby, 
resembling beet seeds.


Sandcherry
(Prunus besseyi)


Dense shrub with fast growth; 5 feet 
tall; producer of abundant edible fruit, 
which makes excellent jelly; fruit remains 
on shrub through winter and excellent for 
wildlife; not subject to insect and disease 
damage. Has good winter-hardiness.
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Serviceberry
(Amelanchier alnifolia)


Height 2-15 feet;  bark reddish brown, 
grayish when older; branchlets hairy; 
leaves oval to roundish,  3/4-11/2 inches 
long, dark green, woolly or hairy under-
neath when young, generally becoming 
smooth with age; flower clusters short 
and dense; petals white about 1/2 inch 
long; flower stems usually hairy or silky; 
berries 1/4-3/8 inch, dark purple when ma-
ture.


Skunkbrush
(Rhus trilobata)


Spreading shrub 1-5 feet tall, the foli-
age has disagreeable odor when crushed; 
leaves thick, dark green above, pale be-
low, mostly divided into three leaflets; 
leaflets oval to wedge-shaped, 1/3-11/3 
inches longer than lateral leaflets, few-
toothed with coarse, rounded teeth; flow-
ers yellow, small, close together in stiff 
clusters at ends of stems before leaves 
appear; fruits bright, orange-red, about 
1/3 inch in diameter, somewhat flattened,  
sticky-hairy.
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Shadscale
(Atriplex confertifolia)


Sometimes called spiny saltbush, is 
compact, round-topped shrub 1-4 feet 
tall; many branches have spinose tips; 
leaves oval to nearly round, thick, round-
ed at tips 1/4-2/3 inch long; small flower 
clusters in leaf-axils; fruit has two broad, 
triangular wings 1/3-1 inch long at top.


Broom Snakeweed
(Gutierrezia sarothrae)


Low, bushy,  1-2 feet tall with many 
erect stems from woody base; leaves 
long and narrow, 1-2 inches long, sticky-
resinous; flowers yellow, flower heads 
small, narrowly cylindrical, composed of 
three to seven petal-like ray flowers and 
three to seven tubular disk flowers, sev-
eral heads in rather flat-topped clusters 
at ends of stems; seeds silky, tipped with 
small, papery scales.
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Snowberry
(Symphoricarpos albus)


Spreading shrub 2-5 feet tall; leaves 
thick, oval or round, broadly lobed or 
wavy-magined, mostly smooth above, 
sometimes hairy below, 1/4-11/2 inches 
long; twigs smooth; flowers white or 
pinkish, the petals densely hairy within, 
in few to several rather crowded clus-
ters at ends of branches and in leaf axils; 
berries white, round or oval, 1/3-1/2 inch 
in diameter.


Western Snowberry
(Symphoricarpos occidentalis)


Low shrubs of plains and valley bot-
toms, common in eastern Montana. It is 
nearly identical to the common snow-
berry in most winter characteristics, ex-
cept that it has finely hairy young twigs.
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Ceanothus (Snowbrush)
(Ceanothus velutinus)


Low, rounded evergreen shrub 2-5 
feet tall; several stems from base; leaves 
leathery, thick, oval, 1-21/2 inches long 
with three main vein, shiny dark green 
on upper surface, paler underneath, fine 
glandular teeth on margins, in oblong 
clusters 1-4 inches long, fruit about 1/16 
inch across, sticky, two-lobed.


Mountain Spray
(Holodiscus discolor)


Deciduous shrub; buds alternate, ses-
sile, triangular; two to four bud scales 
in pairs; outer scales dark red to brown, 
moderately gray, wine-colored inner 
scales appear grayish because of dense 
cover of white hairs; leaf scar distinct, 
raised, V-shaped, bundle traces, three; 
young stems light olive strongly ridged, 
pith light brown to white, more than half 
of stem diameter; wood with prominent 
rays; older stems shreddy, dark reddish 
brown to dark gray; fruit deciduous, old 
flowers persistent, small.
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Purple-osier Willow
(Salix purpurea)


Rapid-growing shrub, does well on 
high water table sites and is used as a 
replacement for caragana in the outside 
(windward) row of windbreaks; 8 feet tall 
at maturity and provides excellent cover 
for wildlife.


Yucca or Soapweed
(Yucca glauca)


Low-to meduim-armed shrub, ever-
green; leaves rise from woody crown 
forming a clump, long-narrow and thick, 
flat, tapered to a sharp point, margin fi-
brous, long-persistent; flowers borne 
on 1-3 foot central woody stalk; fruit a 
three-chambered capsule, persistent.
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Glossary of Terms
Blister-With reference to evergreen plants in Montana and especially the 
true firs, this term describes the small resin-constraining bumps on the 
bark.
Bracts-Modified leaves usually found at the base of flowers. Three-
pronged structures seen protruding from between Douglas-fir cone scales 
are considered to be bracts.
Branch-Refers generally to plant growth older than two years, i.e., does 
not include current seasonʼs growth or that of the previous year. A lateral 
growth from a main stem or root.
Branchlets-Small twigs that contain current seasonʼs growth plus the 
growth of the past year.
Bud scale-A modified leaf forming part of the protective covering of a leaf 
bud or flower bud.
Bundlescar-Marks indicating the broken ends of water- and food-
conducting tubes (veins), variously arranged in a leaf scar.
Catkin-A spike-like, often hanging, cluster of inconspicuous and usually 
unisexual flowers, as in willows, birches and alders.
Clusters-A term referring to the number of needles rising from a common 
point on pine or larch twig. On pines, these may be bound together at the 
base with a persistent white or tan sheath.


Compound-A term referring to a leaf type that consists of more than one 
flat surface. These leaflets are attached to a main or central axis that, in 
turn, attaches them to the twig.
Cones-The cylindrical or conical-shaped, seed-bearing body of evergreen 
plants. It consists of a central axis surrounded on all sides by overlapping 
scales, each of which supports one to two seeds released as the cone dries 
and scales spread.
Cylindrical Cone-Means a cone with an overall shape that ranges from 
roughly parallel sides to “barrel-shaped.”


Deciduous-Fallling of at the end of a growing season; not permanent or 
evergreen.
Eastern-With reference to Montana, this term describes, roughly, the area 
lying east of a line running from Glacier National Park to West Yellowstone, 
Montana.
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Fruit-The plant part that encloses or supports seed. Seed may be enclosed 
in a fleshy covering, as with chokecherry, or without covering, as with 
conifers, or in a dry-winged covering, as with green ash.
Leaflets-The individual, flattened leaf surface leaf surfaces that make up 
a compound leaf.
Lenticel-Wart-like, usually light-colored spots on the bark of twigs.
Lobes-A term describing the projected parts of a simple leaf. Maples have 
simple (single, expanded leaf surface) leaves with three to five usually 
sharp lobes.
Nut-A type of fruit made up of a hard, bony, rather than fleshy, covering, 
which contains on or more seeds. These seeds are the edible portion of the 
nut.
Petiole-The leafstalk; the portion of the leaf (particularly broadleaved 
plants that attaches that flat part of the leaf (the blade) to the twig.
Pyramidal-Refers to a plant shape much taller than broad, and broader at 
the base than the top. Becomes narrower from the base upward.
Style-The stalk-like portion of the seed-producing floral structure 
connecting the bulbous base to the pollen-accepting tip.
Western-With reference to Montana, this term means the area lying to 
the west of the line described under “Eastern.” West of the Continental 
Divide.
Whorls-A term referring to the arrangement of leaves or shoots arise 
around the circumference of a branch or twig at the same level.
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Trees and Shrubs for Shelterbelts, 
Windbreaks, Woodlots, Erosion 


Control and Christmas Trees
Those listed as “introduced” are not native to Montana.


Shrubs


Common Name Scientific Name
Buffaloberry Shepherdia argentea
Siberian Caragana (Introduced) Caragana arborescens
Tatarian Honeysuckle (Introduced) Lonicera tatarica
Common Lilac (Introduced) Syringa vulgaris
Sandcherry (Introduced) Prunus besseyi
Red Dogwood Cornus stolonifera
Purple-osier Willow (Introduced) Salix purpurea
Chokecherry Prunus virginiana


Broadleaved Trees


American Plum Prunus americana
Russian Olive (Introduced) Elaeagnus angustifolia
Green Ash Fraxinus pennsylvanica
American Elm Ulmus americana
Siberian Elm (Introduced) Ulmus pumila
Golden Willow Salix alba var. vitellina
White Willow Salix alba
Cottonwood Populus spp.
Siberian Crabapple (Introduced) Malus baccata


Evergreen Trees


Rocky Mountain Juniper Juniperus scopulorum
Ponderosa Pine-Eastern* (Bull Pine) Pinus ponderosa var. scopulorum
Ponderosa Pine-Western* Pinus ponderosa
Colorado Spruce Picea pungens
Douglas Fir-Eastern* Pseudotsuga menziesii var. glauca
Douglas Fir-Western* Pseudotsuga menziesii
Scots (Scotch) Pine (Introduced) Pinus sylvestris


* The Continental Divide in Montana is the dividing line between “Eastern” and 
“Western.” See also, the terms “Eastern” and “Western” in the Glossary (pp 70-71).
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Alder, Mountain ..................................... 48
Alder, Thinleaved ................................... 38
Ash, Green ....................................... 47, 72
Ash, Greenʼs Mountain .......................... 42
Aspen, Quaking ...................................... 35
Birch, Paper ............................................ 37
Birch, Water ........................................... 36
Bitterbrush, Antelope ............................. 55
Boxelder ................................................. 46
Buffaloberry ..................................... 55, 72
Caragana .......................................... 56, 72
Ceanothus (Snowbrush) ......................... 68
Cedar (see Red Cedar)
Chokecherry, Common .............. 41, 56, 72
Cinquefoil, Shrubby ............................... 57
Cottonwood ............................................ 72
Cottonwood, Black ................................ 32
Cottonwood, Lanceleaved ...................... 48
Cottonwood, Narrowleaved ................... 33
Cottonwood, Plains ................................ 34
Crabapple, Siberian ................................ 72
Currant, Sticky ....................................... 57
Dogwood, Red ................................. 58, 72
Elderberry, Black ................................... 58
Elm, American ................................. 39, 72
Elm, Siberian .................................... 49, 72
Fir, Douglas ...................................... 17, 72
Fir, Grand ............................................... 20
Fir, Subalpine ......................................... 21
Greasewood, Black ................................ 59
Hawthorn .......................................... 43, 48
Hawthorn, Black .................................... 43
Hemlock, Mountain ............................... 19
Hemlock, Western .................................. 18
Honeysuckle ..................................... 59, 72
Horsebrush ............................................. 60
Juniper, Community ............................... 26
Juniper, Creeping ................................... 25
Juniper, Rocky Mountain ................. 23, 72
Juniper, Utah .......................................... 27
Larch, Subalpine .................................... 12


Larch, Western ....................................... 13
Lilac, Common ................................ 60, 72
Mahogany, Curlleaved Mountain ........... 44
Mahogany, Mountain ............................. 60
Maple, Rocky Mountain ........................ 45
Mountain Ash, Greenʼs .......................... 42
Ninebark ................................................. 61
Oak, Bur ................................................. 48
Olive, Russian .................................. 61, 72
Pine, Limber ........................................... 11
Pine, Lodgepole ....................................... 7
Pine, Ponderosa .................................. 8, 72
Pine, Scots (Scotch) ............................... 72
Pine, White-barked ................................ 10
Plum, American ................................ 40, 72
Rabbitbrush ............................................ 62
Red Cedar, Western ................................ 22
Sagebrush, Big ....................................... 62
Sagebrush, Silver ................................... 63
Saltbrush, Fourwinged ........................... 63
Saltbrush, Nuttallʼs ................................. 64
Sandcherry ....................................... 64, 72
Serviceberry ........................................... 65
Shadscale ................................................ 66
Skunkbrush ............................................ 65
Snakeweed, Broom ................................ 66
Snowberry .............................................. 67
Snowberry, Western ............................... 67
Spray, Mountain ..................................... 68
Spruce, Colorado (Blue) .................. 14, 72
Spruce, Engelmann ................................ 16
Spruce, White ......................................... 15
Willow, Golden ...................................... 72
Willow, Peachleaved .............................. 31
Willow, Purple-osier ........................ 69, 72
Willow, White ........................................ 72
Yew, Pacific ............................................ 24
Yucca ...................................................... 69
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Insects and Vertebrate Pests 
 


Adapted from the Minnesota Nursery and Landscape Association 
Manual for Certified Nursery and Landscape Professionals 


Original Authors:  Dan Desjarlais, Dave Smitley, Mark Ascerno and Jennifer Weiss 
Revised by the Montana Nursery and Landscape Association 2002 


Helen Atthowe, Nick Engler, Mary Keck, Jennifer Weiss 
 
 
 More than one million insect species have been described, approximately 90,000 species are found in North 
America.  Less than one percent of all insect species are serious pests that affect humans.  These small number cause 
problems such as crop loss, damage to ornamental plants and forest trees, and the transmission of disease-causing 
pathogens.  
 


Insects cause many kinds of plant disorders and it's important to distinguish insect damage from that caused by 
diseases and environmental stresses (abiotic factors).  Symptoms of destructive insects are usually observed before the 
insects themselves are found.  In many cases, insect injury can be confirmed by locating the causal insect.  Locating an 
insect on a plant, however, doesn't necessarily mean that particular insect is responsible for the plant's symptoms.  In 
addition, damage may not be observed until after the insect pests have completed the damaging part of their life cycles 
and left the plant. 


 
Some common insect damage may be confused with plant diseases.  A careful comparison of all possible causes 


of these general plant symptoms is necessary to make a correct diagnosis of the plant problem.  The insects mentioned in 
this chapter are among the most common insects found in the Intermountain region.  Integrated Pest Management (IPM) 
is the most effective approach to insect problems. Use caution when the use of pesticides is necessary for effective 
treatment. See Chapter 6 for more information on IPM. 
 
 


Symptoms of Insect Attacks 
 
Leaf Spots 
 


Although leaf spots are most frequently caused by plant pathogens, sucking insects, such as plant bugs and 
leafhoppers, may also cause them.  When an insect's saliva is toxic to a plant, a dead spot may develop around the 
feeding site and holes may develop when the damaged tissue becomes brittle and falls out.  Holes produced in this way 
are 'BB' to pencil sized and are round. 
 
Branch Dieback 
 


Wood-boring insects, such as the bronze birch borer, damage plant vascular tissues, resulting in dieback of the 
infested limbs or branches.  Branches damaged by other causes and weakened trees in general are particularly susceptible 
to insect borers.  Diseases, environmental stresses, cultural problems, insects, or a combination of these factors may 
cause branch dieback. 
 


Another type of branch dieback is twig dieback caused by twig girdlers or twig pruners.  Twig dieback may be 
caused by beetle larvae boring inside twigs or by the feeding of adult beetles that completely girdle the twigs.  This type 
of damage occurs most frequently to oaks and maples. 
 
Bronzing 
 


From a distance, trees heavily infested with spider mites may appear discolored.  Close examination of infested 
foliage reveals a bronze discoloration of the leaves.  To confirm a diagnosis of spider mite injury, tap infested branches 
over a white piece of paper.  Dislodged spider mites appear as tiny specks moving on the paper. 
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Cankers and Swellings 
 


Many beetle larvae and caterpillars bore into tree trunks or limbs, causing the infested tissues to swell or form 
cankers.  When these swellings are cut open, insect tunnels and frass (sawdust) should be visible.  Insect borers often 
attack trees that are weakened or damaged by other causes.  In some cases, borers and plant pathogens are associated 
with the same canker. 
 
Chewed or Skeletonized Leaves 
 


Some insects, such as leaf beetles and some sawflies, chew off one face of a leaf while leaving the opposite leaf 
face and veins intact.  The damaged leaves look like lacy skeletons.  Most caterpillars and adult beetles chew entirely 
through leaves.  This type of damage appears as tiny or large holes in leaves, or as irregularly shaped leaves with jagged 
edges.  If leaves are still growing when a chewing insect feeds, the leaves may later develop smooth edges around the 
holes.  Only insect feeding causes this symptom. 
 
Leaf Drop 
 


Plant pathogens, squirrels, or environmental problems generally cause leaf drop.  One exception is the early 
summer leaf drop of maples caused by the maple petiole borer.  Diagnose leaf drop caused by insects by looking for 
tunneled or chewed leaf petioles (leaf stems). 
 
Leaf Curling, Puckering or Rolling 
 


The saliva of some sucking insects, especially aphids, may cause plant leaves to fold, curl, or pucker.  These 
symptoms can be confused with some plant diseases that cause similar symptoms.  You can positively diagnose insect 
damage if the aphids themselves are inside the curled leaves.  Some caterpillars, called leaf rollers, use silk threads to 
hold leaves in curled or rolled shapes.  Leaf roller caterpillars may be found inside rolled leaves. 
 
 
Leaf Miners 
 


Trees heavily infested with leaf miners may appear brown, as if portions of the tree are dying.  When you 
examine the damaged leaves, the leaf miners become apparent.  Leaf miners feed inside leaves between the upper and 
lower leaf surfaces, leaving only a paper-thin layer covering the mined areas.  Brown frass and the worm-like larvae can 
be found between the leaf surfaces. 
 
 
Stem and Leaf Galls 
 


Galls are distorted, sometimes colorful swellings on leaves, flowers, twigs or branches. Several groups of 
insects contain gall-forming species, such as gall wasps, gall midges, aphids or adelgids, eriophyid mites, and sawflies.  
Some families of gall forming insects are so diverse that an insect species exists for almost every common tree species.  
Stem and leaf galls may be caused by plant pathogens, but most commonly they are caused by insects or mites.  Small 
aphids or midge-like larvae may be found in fresh leaf galls.  Some gall-forming pests are tiny, and can only be seen with 
a hand lens or microscope. 
 
Witches' Broom 
 


Some eriophyid mites and aphids cause witches' broom symptoms on infested plants.  A good example of 
witches' broom is the dense, twisted growth of honeysuckle twigs and leaves caused by the honeysuckle witches' broom 
aphid.  Mites or plant pathogens can cause similar dense, irregular growths. 
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Erinea Leaf Patches 
 


Some microscopic mites, called eriophyid mites, give off chemicals that cause plant tissues to grow in irregular 
ways.  For example, fuzzy or spongy patches may develop on leaves infested by mites.  These patches, known as erinea, 
usually appear between leaf veins, are irregularly shaped, and may be white, red, or silver.  Because the mites 
responsible are too small to be seen without a microscope, the damage may be incorrectly blamed on a mysterious plant 
disease. 
 
Pitch Flow 
 


Many trees respond to trunk or twig injury by exuding sap or pitch around the injured area.  This pitch flow may 
be a defense mechanism to prevent additional injury from insects and diseases.  Wood-boring insects and bark beetles 
often cause plants to exude pitch into the feeding site.  Plant pathogens and mechanical injury can also induce pitch flow. 
 
Root Damage 
 


Nematodes and the larvae of some insects, such as root weevils and June beetles, feed on and can seriously 
damage roots.  Because roots aren't readily visible, diagnosing insect injury to roots can be difficult.  The primary 
symptom is a gradual decline in plant vigor.  The characteristic notches that the feeding adults make in leaf margins 
normally diagnose root weevils. 
 


Gophers can also damage roots, but they feed on much larger roots than insects and nematodes.  Insect-
damaged roots normally have a spindly skeleton of primary and secondary roots, but lack fine feeder roots.  Nematode-
damaged roots may be short and stubby or exhibit small galls. 


 
 
Common Groups of Insects That Damage Landscape Plants 
 


Although thousands of insect species have been identified as pests of landscape plants, most of them can be 
placed into 26 groups within seven major categories, as shown in Table 8-1.  An additional category of plant pest is 
mites.  This classification system can be used to recommend control strategies.  Knowing what kind of insect is 
responsible for plant damage is critical to successfully controlling the pest because some insects are more susceptible to 
some insecticides than others.  Table 8-2 list the common insect pests in the Intermountain Region. 
Table 8-3 summarizes the common signs of damage and the possible causes for that damage. 
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Table 8-1.  Common insect and mite pest categories 
_______________________________________________________________________________________
_  
 


Shoot, Stem, and Tent and 
Sucking Insects  Leaf Chewing Insects Trunk Borers  Case-making Insects 
 
Aphids   Caterpillars  Flat-headed borers Bagworms 
Leafhoppers  Sawflies  Round-headed borers Casebearers 
Plant bugs  Leaf beetles  Clear-wing moth Webworms 
Lace bugs  Leaf miners  Bark beetles  Tent 
Spittle bugs  Weevils 
Thrips   Scarab beetles 
   Grasshoppers 
 
 
Gall-forming  Root-feeding 
Insects & Mites  Insects   Scale Insects  Mites 
 
Gall mites and  White grubs  Armored scales  Spider mites 
Eriophyid mites              Weevil grubs  Soft scales 
Gall wasps 
Gall midges 
_______________________________________________________________________________________
_ 
 
Table 8-2.  Common pests in the Intermountain West  
_______________________________________________________________________________________ 
 
Established Pests 
*Bronze birch borer 
*Elm leaf beetle 
*Black locust borer 
*Spider mites 
 Plant bugs 
*Pacific flatheaded borers 
 Leafhoppers(honeylocust, sophora 
 Aphids 
 Cottony maple scales 
  
Potentially Serious Pests 
 
*  European Gypsy moth 
* Asian Gypsy Moth 
  Ash borer 
  Ash bark beetles 
  Lilac borer 


 Elm bark beetles 
 Barberry looper 
*Black vine weevils 
 Pine needle scale 
*Spruce bud scale 
 Soft scales 
 Adelgids 
*Pine shoot moth 
 Boxelder bugs 
 
 
 
 
 
  Spruce budworm 
  Sawflies 
* European pine shoot moth 


 
* Particularly serious pests 
_______________________________________________________________________________________ 
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Other Invertebrate Pests 
 
Grasshoppers 
 
 There are over 600 species of grasshopper (locust) native to the U.S. They are usually not a problem unless they 
occur in large numbers stripping plants of foliage. They over-winter as eggs in the soil or on weeds. Nymphs hatch out in 
mid-spring and molt 5 or 6 times. Adults mate in the fall and die when weather turns cold. 
 


Prevent population buildups by clearing weeds. During serious outbreaks plants can be covered with floating 
row cover fabric. A biological control, Nosema locustrae, targets only grasshoppers. It is a disease-causing protozoan 
that is most effect on young grasshoppers. The disease can pass on through the eggs of infected females giving carry 
over control the next year. Spraying perimeter areas with an appropriate insecticide can also halt a feeding swarm. 
 
Mosquitoes 
 


There are many different kinds of mosquitoes in the Intermountain region.  Most don't bother people and are 
relatively harmless to landscape plants.  When mosquitoes do create problems by biting nursery workers and customers, 
the pests can be controlled. 
 


The most common mosquitoes (Adedes) hatch from eggs after heavy rains and grow as larvae, or "wrigglers," 
in pools of water.  The adults are generally most abundant in dense shrubbery, weeds, tall grass, and shaded lawns.  The 
larvae can be controlled through good sanitation, such as removing cans and tires that hold water. 
 
 One effective biological control is the use of mosquito dunks. Bacillus thuringiensis israelensis discs are floated 
in pools or ponds and kill mosquito larvae.  Citronella candles also deter mosquitoes. 
 


Insecticides can be applied with hand sprayers to shrubbery, weeds, grass, and other resting places. Fogs or 
space sprays kill mosquitoes on contact but are a temporary treatment method.  Always follow the label directions when 
using any insecticide. 
 


If you elect to use repellent rather than insecticides, those with higher repellent chemical concentrations give the 
longest protection.  Repellents are most effective when applied directly to the skin, but some repellents can't be applied 
this way.  Always follow the label directions when using repellent. 
 
Slugs 
 


Slugs are usually described as snails without shells.  They vary in size from 1/4 inch to 2 inches long, depending 
upon age and species, and can become troublesome during damp seasons in areas of dense vegetation or areas that are 
heavily mulched.  Greenhouses are also prime targets for slug infestations.  Slugs require very humid environments to 
live and can't survive dry, hot conditions for long periods of time.  They are frequently abundant in gardens, and injure 
seedlings, flowers, and vegetables by eating large, irregular holes in the foliage.  Slugs usually feed at night or during 
dark, cloudy weather.  Chewed or skeletonized leaves with shiny slime trails confirm slug damage. 
 


There are several non-chemical methods that can be used to control slug populations.  Good sanitation is the 
most important step in controlling slugs.  Remove excess mulch, dead leaves, boards, and other debris.  You can also 
reduce moisture levels by watering in the morning and only when necessary.  Stake large foliage plants, such as 
tomatoes, to reduce hiding places.  Trapping and handpicking also reduce slug populations.  Trap slugs by placing 
boards, shingles, and pieces of tarpaper or black plastic on the ground in the garden.  Check in the mornings and remove 
slugs hiding under the traps.  Fresh or stale beer in cups sunk into the ground will attract slugs, which then fall into the 
beer and drown. 
 


Chemical baits can also be used to control slugs.  Some types of slug bait can't be used near food crops. Always 
follow label directions. 
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Nightcrawlers 
 


Nightcrawlers are beneficial because they help decompose organic material, and should be tolerated whenever 
possible.  Large nightcrawler populations, however, cause lumpiness in and may reduce the recreational value of lawns.  
Mounds of dirt produced by the worms are especially noticeable in spring as the worms begin activity and clean out their 
tunnels. 
 


Thatch control can help reduce nightcrawler populations by removing food material used by the worms and 
allowing better aeration and drying of the soil.  Reduce thatch by using a power rake (also called a vertical mower).  
Power rakes also help knock down dirt mounds produced by nightcrawlers. 
 


Chemical control for nightcrawlers is temporary and doesn't correct the underlying cultural problems that 
contribute to nightcrawler population buildups. Deeper, less frequent watering will encourage nightcrawlers to stay 
deeper in the soil. 


 
 


 Review 
 
A. Match the following symptoms and probable pests by writing the letter of the pest type next to the symptom.  


Give several examples of each type of pest.  Try to fit each of the Intermountain pests listed in Table 8-2 into 
the examples. 


 
Symptoms    Pest 


 
 1.  Leaf Spots  ....................................... ____ 
 2.  Branch Dieback  ............................. ____ 
 3.  Bronzing  .......................................... ____ 
 4.  Cankers and Swellings  .................. ____ 
 5.  Chewed or Skeletonized Leaves.. ____ 
 6.  Leaf Drop  ....................................... ____ 
 7.  Leaf Curling, Puckering, or Rolling ____ 
 8.  Leaf Mining  .................................... ____ 
 9.  Stem and Leaf Galls  ..................... ____ 
10.  Witch's Brooms  ............................. ____ 
11.  Erinea Leaf Patches  ..................... ____ 
12.  Pitch Flow  ...................................... ____ 
13.  Root Damage  ............................... ____ 


 
Pest     Examples of Pests 


 
A.  Scale Insects  _____________________________________________________________ 
B.  Leaf Chewing Insects _____________________________________________________________ 
C.  Tent and Case-Making Insects________________________________________________________ 
D.  Gall-Forming Insects and Mites_______________________________________________________ 
E.  Sucking Insects___________________________________________________________________ 
F.  Mites ____________________________________________________________________________ 
G.  Shoot, Stem, and Trunk Borers_______________________________________________________ 
H.  Root-Feeding Insects_______________________________________________________________ 


 
B. Briefly describe three methods of controlling mosquitoes. 
 


1.  ______________________________________________________________________________________ 
 


2.  ______________________________________________________________________________________ 
 


3.  ______________________________________________________________________________________ 
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C. What are slugs and what kind of damage do they do?  _____________________________________________ 
 


_________________________________________________________________________________________ 
 
D. Describe the conditions that favor slugs and list three control methods.  ________________________________ 
 


_________________________________________________________________________________________ 
 


1.  ______________________________________________________________________________________ 
 


2.  ______________________________________________________________________________________ 
 


3.  ______________________________________________________________________________________ 
 
 


 
_______________________________________________________________________________________________ 
 
 


Causes of Insect Outbreaks and Plant Injury 
 


Trees and shrubs are often planted in unfavorable environments, which predisposes them to insect damage.  For 
example, the pine needle scale is seldom destructive in forests, where it's found in low population densities, but in 
nursery and landscape situations the same insect often reaches outbreak proportions and can ruin the aesthetic value of 
pines and even kill them.  The unnatural conditions found in man-made environments can result in unusually high and 
destructive insect populations. 
 


Despite quarantine regulations, many foreign insect species have been accidentally or purposely introduced into 
the United States.  Away from their natural environments, many of these insects become pests.  The honeysuckle 
witches' broom aphid, the European elm bark beetle, and the gypsy moth are examples of introduced species that have 
become serious problems.  These insects became pests when they found abundant food supplies, favorable climates, and 
few or no effective natural enemies.  
 


Many trees and shrubs are chosen for their beauty and planted without consideration of their suitability for a 
particular site.  Some trees and shrubs planted in the Intermountain region are native to warmer climates and become 
severely stressed because of winter injury.  Examples include forsythia, sycamore, and azalea.  Winter injury can make 
plants more susceptible to attack by insects. 
 


Many commonly used shade trees are native forest species.  When planted in an urban landscape these trees, 
while visually healthy, may lack vigor because of exposure to full sunlight, poor soil and moisture stress.  Insect pests of 
native species always abound in neighboring woodlots, but there they are usually only secondary problems.  In weakened 
urban trees, the same insects may build up to damaging levels. 
 


Drought stress or nutrient stresses also weaken trees and shrubs and make them more susceptible to insect 
attack.  Birch trees that are adequately watered and fertilized are less likely than stressed trees to be attacked by the 
bronze birch borer. 


 
 


Controlling Insects on Landscape Plants 
 


Insect pests are naturally kept under control by predators, parasites, and pathogens that regulate populations of 
plant feeding insects.  Ladybird beetles, lacewings, predaceous mites, parasitic wasps, and other natural enemies devour 
or parasitize aphids, scales, and mites, keeping populations under control.  Without beneficial organisms, populations of 
pest insects would rapidly increase and defoliate their host plants.   
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Nursery personnel, landscapers and homeowners should take advantage of beneficial insects whenever possible.  
Learn to identify all forms of these beneficial organisms so they can be maintained as part of an integrated pest 
management program. Insect injury to landscape plants can also be prevented or reduced by proper cultural practices and 
plant selection. 
 


Sometimes natural enemies and cultural practices don't provide acceptable control of landscape insects.  In these 
situations, you may have to apply insecticides to suppress pest populations and reduce or prevent plant injury.    
 


Relying on insecticides alone is not wise because insecticides can have a greater impact on enemies of insect 
pests than on the pests themselves.  For this reason, applying insecticides may stimulate a rapid outbreak or delayed 
resurgence of mites and aphids, depending on the relative toxicity of the pesticide applied.  Outbreaks of scale insects, 
leaf miners and other insects protected inside plant tissues or under waxy secretions are frequently associated with 
pesticide application because the pests are physically protected from insecticides but their natural enemies are not.  
Pesticides adversely affect natural enemies of all plant feeding insects.  Aphids, scale insects and mites have been used 
as examples because they reproduce rapidly and have the most obvious outbreaks associated with pesticides. 
 


Other reasons for minimizing insecticide use include potential plant injury, toxicity to mammals (humans 
included), and contamination of groundwater. 
 


It's possible to maintain healthy trees and shrubs and prevent insect problems in many ways.  Utilizing as many 
practical management strategies as possible is called Integrated Pest Management. (See chapter 6 for more on IPM).  
Some of the more widespread insect management strategies include cultural practices, natural or biological controls, host 
plant resistance, and insecticide or miticide management.  Several types of insecticides and miticides, such as 
horticultural spray oils and microbial insecticides, are compatible with other IPM strategies designed to maximize natural 
control.  Consider all of the following strategies when deciding how to control a particular insect problem. 
 


The first step in a sound landscape management program is proper identification of pest problems.  Insects 
found on a sick-looking tree may have nothing to do with the problem.  At the same time, it may be difficult to find some 
serious insect pests, such as borers and root weevils.  Insects suspected of damaging a plant should be properly identified 
by a reliable source.  Most insects can be preserved in a small bottle of rubbing alcohol.  County agricultural agents and 
Cooperative Extension Services can assist in insect identification. 
 


Once an insect is identified, gather additional information on its life cycle and biology.  An excellent source of 
information and color photographs of tree and shrub insects is the book Insects that Feed on Trees and Shrubs, by 
Warren Johnson and Howard Lyon.  Other references are listed at the end of this chapter. 
 
Natural Control 
 


Insects reproduce rapidly and some are capable of building up tremendous populations in a few weeks or 
months.  Fortunately pathogens, parasites, and predators usually prevent insect populations from reaching outbreak 
proportions.  The regulatory role of natural enemies is referred to as biological or natural control.  Biological control may 
also include the release of predators or parasites, and the application of insect pathogens, such as microbial insecticides. 
 


Each insect species has a complex of viruses, bacteria, fungi, and protozoans capable of producing disease.  
Some of the more spectacular diseases are the viral infections of caterpillars that leave thousands of flaccid, black 
caterpillars hanging dead from tree branches, and the fungal diseases of grasshoppers and flies.  Some pesticides have 
adverse effects on these insect pathogens.  Fungicides in particular, may suppress important insect pathogens. 
 


Parasites of insects live in or on the bodies of their hosts, where they feed during at least part of their life cycle.  
Many insect parasites are referred to as parasitoids because they consume large portions of their hosts, eventually killing 
them.  Most insect parasites are flies and wasps.   
 


Predators usually feed on insects smaller then themselves, ingesting one or more for a single meal.  In general, 
they are very active insects that seek out other insects to feed on.  Some of the more important beneficial insects are 
ground beetles, ladybird beetles (ladybugs), lacewings, some stinkbugs, assassin bugs, robber flies, and some midge 
flies. Predaceous insects can be more sensitive to insecticides than the insect pests they prey on. 
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Apply insecticides when the target insect is at the most vulnerable stage.  Insecticide drift may destroy natural 
enemies on other plants in the area.  Pesticides destroy natural enemies and interfere with natural control.  Use cultural 
and biological controls whenever possible to prevent the need for insecticides. 
 
Host Plant Resistance to Insects 
 


Plants have many mechanisms of defense against insects, and some plants are more susceptible to insect attack 
than others.   Leaves may contain natural chemicals that harm insects feeding on them.  Some plants have extremely 
hairy leaves or thick, waxy cuticles that deter insect feeding.  Other plants tolerate insect feeding and can sustain 
substantial defoliation without suffering serious injury.  These are all considered host plant resistance. 
 


Some species of plants are more prone to insect problems than others. As an example, European white birch and 
paper birch trees are susceptible to the birch leaf miner and bronze birch borer, while the river birch is immune to the 
bronze birch borer.  Avoid problem plants and select more insect-tolerant plants when possible. 
 


Many popular, widely used landscape trees and shrubs are asexually propagated clones in which all of the 
individuals have identical genetic compositions.  Some of these clones may lack the pest and/or disease resistance 
characteristics found in other clones.  For example, ‘Sunburst’ honeylocust is more apt to be damaged by attack from the 
honeylocust plant bug than other clones of the same species.  In another example, many honeysuckle cultivars are 
extremely susceptible to attack by the honeysuckle witches' broom aphid, but cultivars such as ‘Clavey's Dwarf’ 
demonstrate significant resistant.  Using resistant cultivars in the landscape significantly decreases the amount insect and 
disease damage. 
 
Microbial Insecticides 
 


Some naturally occurring pathogens of insects have been developed into microbial insecticides (a natural 
control).  By far the most widely used microbial insecticide is Bacillus thuringiensis or Bt. This bacterium produces 
spores containing a toxin that is deadly to many butterfly and moth larvae.  The crystallized toxin dissolves only in the 
high pH conditions found in caterpillar digestive systems.  Bt is not toxic to mammals and has little effect on most 
natural enemies so it is strongly promoted for use in IPM programs. 
 


Other microbial insecticides are commercially available:  Bacillus thuringiensis israelensis for fly larvae 
(mosquitoes, black fly, and fungus gnats), Bacillus thuringiensis San Diego for beetle larvae (elm leaf beetle), and milky 
spore disease for Japanese beetle larvae. 
 


As with chemical insecticides, however, overusing microbial insecticides can lead to problems.  Diamondback 
moths in Hawaii, for example, eventually became resistant to Bacillus thuringiensis insecticides that had been used 
frequently and at high rates. 
 
Conventional Miticides and Insecticides 
 
 It is a violation of law to use a pesticide in any way other than that specified on the product label.  It is the 
pesticide applicator’s legal responsibility to read and follow current label directions. 
 


Conventional insecticides are generally broad spectrum in their activity, and must either come in contact with or 
are ingested by target insects.  Sometimes people go to considerable trouble to spray a plant with an insecticide only to 
be dissatisfied with the results.  The following are reasons why insecticide applications may not be effective: 
 
1.       Correct Timing and Thorough Application 
 


You can use the best, most effective insecticides available, but if you don't apply them effectively and at the 
proper times, your results will be poor.  To perform properly, insecticides must be applied when pests are present and 
vulnerable, and at the proper rates.  You must ensure thorough coverage of the upper and lower surfaces of leaves and 
branches.  For best results, you may have to repeat insecticide applications. 
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Correct timing of sprays is important.  For example, the cankerworm (a pest of elm, hackberry, and apple trees) 
begins feeding very early in the spring about the time buds are breaking and leaves are starting to unfold.  By mid-June, 
the caterpillars have completed their development and disappeared from trees.  Spraying in June, when damage is most 
apparent, isn't effective because the damage has already occurred and the insects have left.  The best time to control 
cankerworms is about ten days after the eggs hatch in early to mid-May. 
 


Insects are usually much easier to control when they're young.  Scale insects, for example, are a problem on 
many ornamental plants.  The most effective time to control scales is immediately after the larvae have emerged, while 
they're in the crawler stage.  During this stage, which may last only about a week, the tiny scales are unprotected and 
easily killed.  Once the larvae secrete protective coverings over themselves, they are very difficult to kill. 
 
 
2.      Wrong Insecticide Used 
 


No insecticide controls every insect, and if the wrong chemical is used, you will get little or no control.  Make 
sure you know what the target pest is and that you have selected an appropriate pesticide. 
 
 
3.      Adverse Weather 
 


Most insecticides don't perform efficiently or give satisfactory results when used at temperatures below 50 
degrees F.  Rain may wash off insecticides that haven't yet dried.  Wind alters spray coverage, preventing sprays from 
reaching targets and carrying the chemicals into sensitive areas that should not be treated.  It's usually best to apply 
insecticides when temperatures are above 50 degrees F but below 85 degrees F, and when no rain is expected for at least 
12 hours. 
 
Tree Injections and Implants 
 
 Tree injections and implants are used to place pesticides or micronutrients directly inside the tree, where they 
are carried to all parts of the tree through the vascular system.  Injections have become the preferred method of treating 
trees for many diseases and pests such as Dutch elm disease, bronze birch borer and emerald ash borer.  Injections allow 
for directed placement of chemicals without concern of applicator exposure and drift to non-target areas, and provide 
complete distribution throughout the canopy where tree size or location may otherwise limit spray coverage.  The spread 
of emerald ash borer over the past decade has driven advancements in injection methods and chemicals.  Only certified 
professionals should perform these procedures to avoid serious injury to the tree.  
 
____________________________________________________________________________________________ 
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 Review 
 
A. Describe briefly how each of the following natural enemies helps keep insect and mite pest populations under 


control.  Give several examples of each natural enemy. 
 


1. Pathogens  ___________________________________________________________________________ 
 


2.  Parasites  ___________________________________________________________________________ 
 


3.  Predators  ___________________________________________________________________________ 
 
B. Give several examples of conditions that make plants more susceptible to insect attack.  Describe briefly how 


the listed conditions predispose plants to insect infestation. 
 


1.  ______________________________________________________________________________________ 
 


2.  ______________________________________________________________________________________ 
 


3.  ______________________________________________________________________________________ 
 


4.  ______________________________________________________________________________________ 
 
 
C. Describe in some detail how insect infestations can be aggravated by improper insecticide use. 
 


_________________________________________________________________________________________ 
 


_________________________________________________________________________________________ 
 
D. Why are introduced insect and mite pests often more serious problems than native pests? 
 


_________________________________________________________________________________________ 
 


 
E. What are microbial insecticides?  Describe briefly how they work and give an example of a popular microbial 


insecticide. 
 


_________________________________________________________________________________________ 
 


_________________________________________________________________________________________ 
 
F. List three primary factors that limit pesticide effectiveness, and describe how they operate. 
 


1.  ______________________________________________________________________________________ 
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2.  ______________________________________________________________________________________ 
 


3.  ______________________________________________________________________________________ 
 
 
G.  Describe tree injections, and give an example of their application.    
 
 _________________________________________________________________________________________ 
 
Vertebrate Pests 
 
 There are many two and four legged vertebrate pests that cause damage to landscape plants and gardens.  Some 
pose a greater threat than others. Most homeowners are willing to overlook a few chewed twigs or holes in the lawn. 
Problems occur when damage is constant and widespread. Peace-loving attitudes change in a hurry when hungry animals 
decimate valuable trees, shrubs, flowers and vegetables.  
  
 Two main methods of control are available, mechanical and chemical. Mechanical controls include fencing, 
motion sensors that emit light, water or noise, netting, trunk guards, traps and stationary or hanging objects that are 
meant to frighten.  Chemical controls include baits, poisons, scented sprays, pepper or garlic sprays, blood meal, soap, 
hair, urine, etc.  
 
Rodents 
              
              Small rodents such as mice, pocket gophers, and ground squirrels can be controlled with traps, poison bait 
placed in tunnels or holes, ‘whirly gig’ wind devices that emit thumping noises in the ground, and ultra sonic noise.  
Some of these measures are limited in their effective range.  
 
               Poison needs to be carefully used so as to not harm pets, children, or other wildlife. Traps can be very effective 
if the infestation is small. Live traps are available but this poses the problem of where to release the captive pest.  Smoke 
bombs can be used against pocket gophers and ground squirrels. Their effectiveness depends on constantly smoking and 
filling all the burrows that are in use. This can be a costly method in terms of time and money.  
 
               Ground squirrels prefer higher grass and dryer areas, so keeping the lawn areas properly mowed and irrigated 
can reduce the invasion of this rodent. In some areas shooting is allowed as a means of control.  Check local regulations 
regarding the use of firearms.  A lapse in any of the control measures may well result in the return of the rodents. 
 
Rabbits 


 
             Rabbit repellents are available commercially as either pellets or sprays. The pellets last longer but could be eaten 
by pets.  The spray products are usually only for use on non-edible plants.  Read and follow the label directions carefully. 
Sprays will have to be reapplied after heavy rains or overhead watering.  Rabbits can be fenced out of a vegetable garden 
with small-holed wire such as chicken wire.  The wire needs to be installed in an “L” shape with the short “leg” buried 
about 6-8” deep and facing away from the garden, so that if rabbits attempt to dig under the fence they encounter the 
buried portion of the fence.  The buried section should be at least 12” and the upper section at least 18” tall.  This type of 
fence can also keep out skunks and woodchucks, however the height may have to be increased.   
 
 In landscaped areas where fencing is not desirable an application of blood meal may deter rabbits.  Reapply 
after rain or heavy watering.  Rabbits may get used to the smell of blood meal and it will lose its effectiveness. (Some 
dogs really like the smell of blood meal leading to a whole new set of problems).  Some of the cat repellents may also 
work for rabbits. In addition a dog may be useful in keeping rabbits away. 
 
Raccoons and Porcupines 
 
 Raccoons are almost impossible to deter. As they are adept at climbing, most fences are useless and they can 
dig quite well too.  Motion sensors that emit noise, water or light may have some effect. A properly positioned electric 
fence can work against raccoons. Traps might also be effective.  Raccoons adapt easily to the suburban areas and can be 
a great nuisance to the home gardener. 
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 Porcupines are most damaging to evergreen trees by eating the bark off along the trunk, often up in the tree.  A 
collar of sheet metal with a flange around the trunk will prevent them from climbing the tree. The collar should be 
refitted every year so that the tree will not become girdled. 
 
Deer 
 
 The most common damage from vertebrate pests is attributed to deer.  Where subdivisions are located in the 
foothills, conflicts with deer can be expected.  Deer are creatures of habit; deer will continue to use an area they have 
historically used and control may be difficult.  In such situations, the only really effective deterrent is fencing.  This may 
mean fencing off the entire property or just specific plants.  Fencing may not be attractive but can be better than 
replacing plants year after year. Fencing can be used seasonally during peak feeding times or left up year round.  It can 
also be removed after a few years when the plants are large enough to withstand some browsing.  
 
 Deer like some plants less than others. In planning a new landscape or replacing damaged plants, it would be 
wise to choose these species. No plant is totally deer proof, but planting deer resistant species will reduce the overall 
damage.  Other plant species are especially attractive such as tulips, daylilies, arborvitae, and plums. Do not plant species 
such as these in deer areas. Check with local extension services, nurseries or libraries for deer resistant plant 
recommendations. Remember, hungry deer will eat just about anything. 
 
 Antlered deer will rub and scrape the bark off small trees and large shrubs in the fall. Fence off the plants or 
wrap the trunks with chicken wire to prevent this type of damage. Fencing in general must be at least 5’ in height and 
closely wrapped around the plant or plants to prevent the deer from jumping in. For larger areas fencing should be at 
least 8 feet in height.  A couple stands of electric fencing would be an effective addition. Consult with a professional for 
installation requirements and techniques for electric fencing.  Black plastic netting is also effective. It is less visible than 
wire fencing but only lasts a few seasons.  
 
 There are several types of deer repellant available. In spray form sulfur based products can be used on 
ornamental plants. Some sprays have a latex base, which helps them last a little longer.  Most need to be reapplied after 
rain or overhead watering.  Other sprays have a hot pepper taste, a garlic taste and smell, or even predator urine scent.  
Blood meal can deter deer if applied at the base of the plants. Hanging bars of deodorant soap or bags of human hair can 
also be effective.  All of these repellents are only effective until the deer get used to them. Rotate between different 
repellants. Motion sensors that emit lights, noises or sprays of water might be helpful. There are no guarantees. 
 
 Do not tempt deer into your yard with birdseed spilled from feeders or fruit left on the ground under trees. 
Keeping your yard clean of debris will also keep other vertebrate pest such as skunks away. Barrier hedges or prickly 
plants located across access trails can discourage deer from entering the property. Try to have reasonable expectations 
for landscapes located in deer habitat. 
 
Birds 
 
 Birds can be both beneficial and bothersome. Some birds are very effective at insect control, however these 
same birds can ruin a fruit crop. Many crops can be protected with netting. The netting is laid over the plants or small 
trees and secured to keep the birds from getting in underneath.  When netting is not feasible, scare tactics can be used. 
Reflective tape or discs can be hung around as well as devices that vibrate in the wind. Predator decoys such as owls and 
snakes can be effective, however they should be re-situated every few days. 
________________________________________________________________________________________________ 
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____________________________________________________________________________________________ 


Review 
 


A. What are some of the mechanical methods used to control vertebrate pests?  
 
_______________________________________________________________________________________ 


 
_______________________________________________________________________________________ 


 
 
B. What are some of the chemical methods used to control vertebrate pests?  


 
_______________________________________________________________________________________ 


 
_______________________________________________________________________________________ 
 
 


C. Describe one fencing method used to keep rabbits out of a vegetable garden.  
 
_________________________________________________________________________________ 


 
 


D. List four deer repellants and their application and effectiveness.  
 
_______________________________________________________________________________________ 


 
_______________________________________________________________________________________ 


 
 
E. What is the minimum height for fencing a large area to keep deer out?  


 
_______________________________________________________________________________________ 


 
 


F. When and how should the trunks of young trees be protected to prevent damage from deer rubbing?  
 
_______________________________________________________________________________________ 


 
 


G. Is planting deer resistant plants a reliable way to prevent deer damage, why or why not?  
 
_______________________________________________________________________________________ 


 
_______________________________________________________________________________________ 


 
 








MOST PEOPLE KNOW ENOUGH NOT TO TOUCH  
or eat poison ivy. Most ranchers understand that death 
camas, water hemlock, white loco and some other range 
plants can cause serious loss of livestock when grazed. 
But how many Montana homeowners know that 
some common ornamentals can cause serious illness or 
even death if ingested? This discussion is not meant to 
frighten but to inform and will be particularly valuable in 
households where small children are allowed to roam freely 
over the property. Most toxic ornamentals are valuable 
plants that deserve a place in your landscape. They also 
deserve your respect. Understand what they can do if 
misused; then enjoy their beauty throughout the year.


The following plant list is not all-inclusive. New 
cultivars of some plants may be developed that are less, 


or more, toxic than the parent species. Further, some 
people may develop an allergic reaction to plants that are 
harmless to most other people. For example, some people 
go into shock after eating peanuts. Further, the effects 
of poisonous plants range from slight skin irritation to 
illness or death. What will actually happen depends upon 
the inherent toxicity of the plant, the parts contacted 
(leaves, stems, fruit, bark), the time of year, stage of 
growth, the amount of material with which the person 
has come into contact and the age, weight and sensitivity 
of that person.  


If someone has ingested a poisonous plant, keep him 
or her calm and warm. Call the Montana Poison Control 
System at 1-800-525-5042 and take a specimen of the 
ingested plant material with you to the hospital. 
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Lists 72 plants. Tells which part of the plant is poisonous and whether it is 
through contact or ingestion that people are affected.
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Common Name 
(Botanical Name)                                        


Toxic part Contact (C) or 
Ingestion (I)


Anemone
(Anemone patens)


All parts C


Azaleas  
(Rhododendron spp.)


All parts I


Bittersweet  
(Celastrus scandens)


All parts I


Black locust 
(Robinia pseudoacacia)


Seeds, twigs I


Bleeding Heart 
(Dicentra spp.)


All parts I


Boxwood 
(Buxus sempervirens)


Leaves, twigs I


Buckeye 
(Aesculus spp.)


Leaves, flowers, 
seeds


I


Buckthorn 
(Rhamnus spp)


Berries, bark I


Burning bush (see Euonymous)


Buttercup 
(Ranunculus spp.)


All parts, esp. 
flowers


C


Castor beans  
(Ricinus communis)


Seeds, leaves C


Cherry 
(Prunus spp.)


Seeds, bark, 
leaves


I


Cherry, ground  
(Physalis spp.)


All parts I


Chinese lantern (see ground cherry)


Christmas rose 
(Helleborus niger)


All parts I


Clematis 
(Clematis spp.)


Leaves C


Columbine 
(Aquilegia spp.)


Roots I


Comfrey 
(Symphytum spp.)


Leaves, root I


Crocus, autumn 
(Colchicum autumnale)


Bulbs, flowers I


Daffodil (see Narcissus)


Daphne 
(Daphne spp.)


All parts C


Delphinium (see Larkspur)


Common Name 
(Botanical Name) 


Toxic part Contact (C) or 
Ingestion (I)


Dumb cane
(Dieffenbachia seguine)


All parts I,C


Dutchman’s breeches 
(Dicentra spp.)


All parts I


Elderberry 
(Sambucus spp.)


All parts I


English Ivy 
(Hedera helix)


Leaves, fruit I


Euonymous 
(Euonymous spp.)


Seeds I


Four O’Clocks 
(Mirabilis jalapa)


Roots, seeds I 


Foxglove
(Digitalis purpurea)


Flowers, 
seeds, leaves


I


Gingko 
(Gingko biloba)


Fruit I


Golden Chain 
(Laburnum anagyroides)


Bean-like fruit I


Horse chestnut
(Aesculus spp.)


Leaves,  
flowers, seeds


I


Horseradish 
(Armoracia lapathifolia)


Leaves I


Horsetail 
(Equisetum spp.)


Whole plant I


Hyacinths 
(Hyacinthus spp.)


Bulbs I


Hydrangea 
(Hydrangea spp.)


Leaves, buds I


Iris 
(Iris spp.)


Rhizomes I


Jonquil (see Narcissus)


Juniper (Juniperus
communis, J. virginiana)


Fruit C, I


Larkspur
(Delphinium spp.)


Young plants,  
seeds


I


Laurel 
(Kalmia spp.)


All parts I


Lily of the Valley
(Convallaria majalis)


All parts I


Locust, black
(Robinia pseudoacacia)


Seeds,  
bark, sprouts


I
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Common Name 
(Botanical Name) 


Toxic part Contact (C) or 
Ingestion (I)


Lobelia 
(Lobelia inflata)


Leaves, seeds I


Lupine 
(Lupinus spp.)


All parts I


Maidenhair tree (see Gingko)


Milkweed 
(Asclepias spp.)


All parts C


Mock orange 
(Philadelphus spp.)


Fruit I


Morning glory 
(Ipomoea spp.)


Seeds I


Narcissus 
(Narcissus spp.)


Bulbs I


Nightshade 
(Solanum spp.)


Fruit I


Oak 
(Quercus spp.)


Acorns I


Pasque flower 
(Anemone spp.)


Seeds C


Peas, sweet 
(Lathyrus spp.)


Petals, seeds I


Plums 
(Prunus spp.)


Seeds, bark, 
leaves 


I


Poison Ivy 
(Toxicodendron spp.)


All parts C


Potato
(Solanum tuberosum)


Green portions,  
fruit


I


Privet 
(Ligustrum spp.)


Seeds I


Rhododendron 
(Rhododendron spp.)


All parts I


Rhubarb 
(Rheum rhaponticum)


Leaf blades I


Scotch broom 
(Cytisus scoparius)


All parts I


Snow-on-the-Mountain 
(Euphorbia marginata)


All parts C


Spurges 
(Euphorbia spp.)


All parts C


Tansy 
(Tanacetum vulgare)


Leaves, flowers I


Tobacco 
(Nicotiana spp.)


Leaves I


Common Name 
(Botanical Name) 


Toxic part Contact (C) or 
Ingestion (I)


Tomato (Lycopersicon 
esculentum)


Leaves I


Trumpet vine 
(Campsis radicans)


All parts C


Virginia creeper 
(Parthenocissus
quinquefolia) 


Berries I


Windflower (see Pasque flower)


Wisteria 
(Wisteria spp.)


Seeds, pods I


Wormwood 
(Artemisia absinthium)


All parts I


Yew
(Taxus spp.)


Fruit and foliage I


Many range plants not commonly found around the home land-
scape are also toxic. See MSU Extension Bulletin 122, Range 
Plants of Montana, for more information on toxic range plants.
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Appendix G 


 
Montana Native Plants – Trees and Shrubs 


 
Genus   Species      Common Name 
______________________________________________________________________________ 
Abies   grandis      Grand Fir 
Abies   lasiocarpa     Subalpine Fir 
Acer   glabrum     Rocky Mountain Maple 
Acer    negundo     Box Elder Maple 
Alnus   incana      Mountain Alder 
Amelanchier  alnifolia     Saskatoon Serviceberry 
Arctostaphylos  uva-ursi     Bearberry, Kinnikinnik 
Atremisia  cana      Silver Sage 
Artemisia  frigida      Fringed Sage 
Artemisia  tridentata     Big Sage 
Atriplex  canescens     Four Winged Saltbush 
Betula    glandulosa     Bog Birch 
Betula   occidentalis     Water Birch 
Betula   papyrifera     Paper Birch 
Ceanothus  velutinus     Ceanothus, Snowbrush 
Celtis   reticulata     Netleaf Hackberry 
Cercocarpus  ledifolius     Curleaf Mtn Mahogany 
Cercocarpus  montanus     Mountain Mahogany 
Chrysothamnus nauseosus     Rubber Rabbit Brush 
Cornus   canadensis     Bunchberry 
Cornus   sericea      Red Osier Dogwood 
Crataegus  douglasii     Black Hawthorn 
Fraxinus  pennsylvanica     Green Ash 
Holodiscus  discolor     Ocean Spray 
Juniperus  communis     Common Juniper 
Juniperus  horizontalis     Creeping Juniper 
Juniperus  osteosperma     Utah Juniper 
Juniperus  scopulorum     Rocky Mountain Juniper 
Larix   occidentalis     Western Larch 
Pachistima  canbyi      Mountain Lover 
Parthenocissus  quinquefolia     Virginia Creeper 
Philadelphus  lewisii      Syringa or Mockorange 
Physocarpus  malvaceous     Mallow Ninebark 
Picea   engelmannii     Engelman Spruce 
Picea   glauca      White Spruce 
Picea   glauca densata     Black Hills Spruce 
Pinus   albicaulis     Whitebarked Pine 
Pinus   flexilis      Limber Pine 
Pinus   monticola     Western White Pine 
Pinus   ponderosa     Ponderosa Pine 
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Potentilla  fruticosa     Cinquefoil 
Prunus    americana     American Plum 
Prunus   besseyi      Sand Cherry 
Prunus   emarginata     Bittercherry 
Prunus   virginiana     Chokecherry 
Populus  angustifolia     Narrowleaf Cottonwood 
Populus  deltiodes     Plains Cottonwood 
Populus   tremuliodes     Quaking Aspen 
Populus  trichocarpa     Black Cottonwood 
Pseudotsuga   menziesii     Douglas-fir 
Purshia   tridentata     Antelope Bitterbush 
Quercus  macrocarpa     Bur Oak 
Rhus   trilobata     Skunkbrush Sumac 
Ribes   aureum      Yellow Flowering Currant 
Ribes   cereum      Wax Currant 
Ribes   inerme      Mountain Gooseberry 
Rosa   woodsii      Woods Rose 
Rubus   idaeus      Raspberry 
Rubus   parviflorus     Thimbleberry 
Salix    amygdaloides     Peachleaf Willow 
Sambucus  racemosa     Elderberry 
Shepherdia  argentea     Silver Buffaloberry 
Shepherdia  canadensis     Russet Buffaloberry 
Sorbus   scopulina     Green’s Mountain Ash 
Spiraea   douglasii     Douglas Spirea 
Symphoricarpos  albus      Snowberry 
Taxus   brevifolia     Pacific Yew 
Thuja   plicata      Western Red Cedar 
Tsuga   heterophylla     Western Hemlock 
Ulmus   Americana     American Elm 
Vaccinium  globulare     Huckleberry 
Yucca   glauca      Great Plains Yucca 
Xerophyllum  tenax      Bear Grass 
 
 
 








Montana Nursery & Landscape Association, Inc. 
  


CPP Certification Manual  
 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


For use in the Montana Certification Program 
 Version – Revised April, 2019 


 







Introduction 
 


The Montana Nursery & Landscape Association (MNLA) has revised this manual as a study guide for 
prospective Certified Plant Professionals.  Although no publication can list everything a nurseryman must 
know and apply, this guide covers basic information and important highlights.  It also includes 
recommended reading lists at the end of most chapters to help readers expand their expertise.   


This manual will be used as a source of questions for the MNLA Certified Plant Professional (CPP) 
Exam.  Within each chapter there are one or more review sections.  These reviews are designed to help 
readers apply and practice what they read.  At the end of the manual there is a sample certification exam.  
While the questions in this manual are not identical to those in the actual certification test, they cover the 
same material and applications. 


The CPP examination is given by the MNLA at least twice each year.  The certification process consists 
of two parts, a 200 question written exam based on the content of this Manual, and a plant identification 
exam comprised of at least 50 plants.  Applicants must earn a score of at least 75% to pass each exam.   


In appendices at the end of this manual, you will find helpful conversion tables and references to be used 
for calculations. 


 


If you ever have any questions about the CPP program, please feel free to contact the MNLA office.   


 


Good luck! 
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 FRUIT TREES 
 
 Original Authors:  Michael Colt and Esmaeil Fallahi 


Revised by the Montana Nursery and Landscape Association 2002 
Roger Joy, Bob Gough, Nancy Beech, Nick Engler, Alice Janke, Mary Keck  


 
 


Growing fruit is an important part of home gardening.  In addition to the high quality and freshness of 
homegrown fruit, fruit trees also have considerable landscape value.  Properly cared for, they are very attractive in 
form and display beautiful flowers in the spring.  If judiciously  placed, they can enhance a well-designed landscape.  
Because most nurseries carry fruit trees, nursery staffs need to be knowledgeable about fruit varieties and cultural 
practices such as pruning, planting, pollination, harvest dates, and control of insects and diseases.   
 


Merchandising Fruit Trees 
 


Retailers face decisions on how best to display or merchandise fruit trees.  Depending upon the situation, 
bare root trees can be heeled- in or held in cold storage, containerized in pots, or occasionally container-grown.   
 


In a retail outlet that supplies customer service, an area to heel in trees, located in a main traffic area and 
close to a cash register, is ideal.  A picture tab with planting instructions attached to the trees enhances sales. 
Nurseries that have cold storage facilities can sell bare root plants longer in the spring. Posters or picture books are 
good sales aids.  The roots on bare root trees must be wrapped with a protective covering to prevent the roots from 
drying out and dying between time of purchase and planting.  When selling bare root plants a knowledgeable 
salesperson should educate the customer on the importance of prompt planting, proper watering and first year care.  
Most customers know very little about growing fruit trees, so every bit of help the salesperson offers can mean less 
plant failure, fewer complaints, and a return customer. 


 
 Before the bare root plants break dormancy any unsold plants should be potted up for sale as containerized 


stock. Newly potted trees are difficult to plant successfully because the soil falls off the roots and the plant is not 
able to support its newly sprouted leaves. In such situations, take extra care in transplanting and watering. These 
trees may not survive transplanting, so it’s best to plant trees that have been in their pots for several months. 
 


Containerized trees can be sold spring through fall. One advantage of containerized trees is that the root 
system is more developed, if it has been in the pot several months, and it is protected by soil until planting. Also if 
the plant is kept watered by the customer it doesn’t have to be planted immediately after purchase as with bare root 
plants.  For more information on planting procedures see Chapter 2.  
 


Sometimes customers aren't sure what cultivar of fruit tree they want.  With a complete knowledge of the 
fruit trees in stock, the salesperson should discuss with the customer the intended site and use, and suggest a species 
and cultivar that will meet the customer's needs taking into account zone hardiness rating, disease resistance, fruit 
qualities and length of growing season for bloom time and fruit ripening. For a list of suitable cultivars for your area 
contact the local extension service. Table 13-1 at the end of this chapter lists some suggested cultivars for Montana. 
  
 
 


Location in the Landscape  
 


Location is important. Full sun is necessary for good tree growth and good quality fruit production.  Fruit 
trees should be planted well away from large trees and buildings.  Shade is a major cause of poor fruiting.   
  
  Fruit trees should not be exposed to severe winds, nor should they be planted in an area with poor 
drainage.  If drainage is a problem, the chance of root disease is greater.  A deep, fertile loam is best for most fruit 
trees.  
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 Microclimate can play an important role in avoiding problems with growing fruit trees. Microclimate is the 
climate of localized areas and of the lower layer of the atmosphere near the ground. Trees on a north or east-facing 
slope will escape sunscald damage compared to those on a south or west-facing slope. Trees on north or east 
exposures will also flower later perhaps avoiding frost damage. A shelterbelt to the northwest and northeast will 
help prevent wind damage, improve pollination and help retain heat to mature fruit in the fall. Low spots should be 
avoided as they are often a frost pockets and drainage is likely to be poor. Microclimates in town are often more 
protected than those in rural areas, because there are more buildings and large trees to break the wind. 


 
Planting 
 


Containerized fruit trees may be planted spring thru fall. Bare root trees are planted in the spring. The 
planting hole should be large enough to accommodate the root system without crowding.  Allow six inches of 
clearance from the end of the roots to the sides of the planting hole. 
 


Some plant professionals believe that when transplanting trees, only soil that came from the transplant hole 
should go back in with the plant.  If the soil has a good loam texture and there is sufficient soil organic matter, this 
statement is true. 


 
  Modest amounts of organic amendments can be of benefit, however, in clayey, sandy, or very rocky soils. 


A few shovelfuls of peat moss or compost can improve the soil environment for the quick establishment of new 
roots. These amendments need to be thoroughly mixed with the original soil material.  See Chapter 2 for more 
information on the use of organic amendments. 


 
When planting a bare root tree, form a cone of soil in the bottom of the hole to support the roots.  The cone 


should be tamped firm.  Using sharp pruners, remove all broken, damaged or extra long roots.  Place the tree into the 
planting hole, spread the roots evenly to give solid support without crowding or twisting, and add soil to cover the 
roots.  Add some water.  Gently raise and lower the plant to allow the soil to fill in between the fibrous roots, 
eliminating air pockets. Add water and soil alternately until the hole is filled to grade.  
 


 In general the tree should rest at the same depth at which it grew in the nursery, and the bud union or graft 
(place that the tree was budded or grafted to the rootstock) should be about an inch or two above the soil level.  The 
area where roots emerge from the trunk, known as the root flare, should be at ground level or just above.  Colored 
paint marks on the lower trunk identify the fruit tree cultivar, not planting depth. Tree planting is covered in depth in 
Chapter 2. 
 


Do not fertilize at planting because young tree roots are easily burned. Any healthy soil will provide the 
nutrients required to transplant and re-establish a young tree. Excessive nitrogen, either commercial or in manure 
form can burn roots and cause nutrient deficiencies in the orchard for years. Vitamin B1 solutions are also not 
needed at time of planting. Research has shown no stimulation of plant growth from these products. 


 
 Trees that have been planted for a year or more can be fertilized in early spring, if they show pale leaves 


and weak growth.  A small amount (1 cup or less) of balanced fertilizer (15-15-15 or 16-20-0) is applied at the drip 
line or edge of the canopy. A topdressing of compost makes a good mulch and is a mild slow release fertilizer. 


 
Pest Control 
 
 Maximum success in growing fruit depends upon effective insect and disease control.  Proper control 
requires recognition of pests, selection of effective control methods (see Chapter 6 on IPM), proper timing of 
treatments, proper pruning, and good sanitation.  
 


Commercial fruit growers can afford to buy large equipment to apply pesticides.  Home orchardists with a 
few fruit trees are at a disadvantage when it comes to equipment that will do a satisfactory job of spraying 
pesticides.  In most cases, homeowners are restricted to hose-end sprayers or hand-operated sprayers.  The capacity 
of most home pesticide sprayers is small, the pressure is low, and the energy expended to do an effective job is 
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considerable.  The failure of homeowners to adequately chemically control pests on their fruit trees can generally be 
attributed to:  (1) selecting the wrong pesticides, (2) using pesticides improperly, (3) not applying enough material to 
cover trees completely, (4) not making applications on time, and  (5)  not continuing spray programs late enough 
into the summer. Homeowners should hire a professional to spray large trees. 
 


Dormant sprays are an important step in controlling insects and diseases.  Some dormant sprays control 
only diseases and some control only pests.  Pheromone or sticky traps can also be effective biological controls. 
Consult reference books or local extension service for recommendations on control of specific insects and diseases 
(See reference list at end of chapter). Always follow label directions and use pesticides with caution. 
 
 Protect young fruit trees from rodents and deer with tree wraps and or fencing.  Wrap young fruit tree 
trunks up to the lowest branches in winter (November through March) to protect the bark from sunscald.  Sunscald 
is the death of tissues on the south-west side of trunks caused by rapid freezing when temperatures fall at sunset on 
clear, cold winter days.   


 
Rootstocks  


 
Fruit trees are propagated either by grafting or budding a desired variety onto a rootstock.  You cannot 


plant a seed and have it grow and produce the same fruit as its parent. Most fruit trees are self-sterile, meaning that 
pollen is needed from another tree for fertilization. This combination of genes will produce seed with different 
properties than either parent. It is very unlikely that the seed will produce a desirable cultivar. See Chapter 5 for 
more information on Propagation.   
 


Fruit trees grow to different sizes depending upon species and, in some cases for grafted trees, the 
rootstock. Many fruit tree rootstocks are produced from cuttings or tissue culture and are referred to as clonal 
rootstocks. Clonal rootstocks can influence size, vigor, fruit production, cold hardiness and disease resistance. 
Rootstocks grown from seed are referred to as seedling rootstocks. Seedling rootstocks have a more aggressive root 
system, are more cold hardy, drought tolerant and disease resistant. When purchasing fruit trees request specific 
information from the grower regarding rootstock influence. 
 


 Apple trees are classified into three size categories: standard, semi-dwarf, and dwarf size trees.   
 
 Standard rootstocks provide a hardy, aggressive root system and are adaptable to most soil and seasonal 
conditions. All apple trees grown on standard rootstocks develop to 20’-25’ in height and produce large canopies 
spreading up to 25’ at maturity. Standard trees require a minimum of 20’ spacing; more if available.  Standard trees 
will generally begin bearing fruit 5-8 years after planting. Most standard rootstocks are seedling rootstocks. 


 
 Semi-dwarf rootstock will produce a trees that are approximately 60% the size of standard trees. Trees are 


approximately 12-15’ tall and 14’ wide at maturity. These trees generally fruit a few years earlier than standard 
trees. 
 


 Dwarf rootstock will produce a tree approximately 45% the size of a standard tree (9-12’ tall and 10’ 
wide). Dwarfs can be planted much closer than standard trees.  While several semi-dwarf and dwarfing rootstocks 
have proven hardy in Western Montana and Idaho, choices for Eastern Montana are limited.  Dwarf fruit trees come 
into bearing earlier than a standard tree (often 3-4 years after planting), but may require staking or support in some 
situations. Dwarf trees are easier to prune, spray and harvest, however they tend to be less hardy than standard trees. 
 


Nectarines, peaches, and apricots are grown on seedling rootstocks and on some clonal rootstocks.  They 
form fruit on one-year-old wood.  Pruning techniques are used to keep these trees at a manageable size and to 
enhance fruit production. 
 


Sweet cherry trees are grown on large semi-dwarf (Prunus mahaleb) and standard (Prunus avium) seedling 
rootstocks. Many clonal cherry rootstocks are available, but few are cold hardy. Some genetic dwarf tart cherries are 
available. Tart cherries and cherry plums can be suitable substitutes for areas where sweet cherries are difficult to 
grow. 
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Pears are available on dwarf, semi-dwarf and seedling rootstocks.  Seedling pear rootstocks are more cold 
hardy than clones, but produce a somewhat larger tree.  Pear tree size is difficult to control with pruning, due to it’s 
susceptibility to fire blight (see below).  


 
Pruning 
 


Pruning is the heart of good fruit tree management.  Most horticulturists recognize three main reasons for 
pruning: to train a young tree, to maintain vigor and fruit production, and to correct problems. 
 


Training is done primarily when the tree is young to get the framework of branches located for convenience 
of harvesting and spraying.  Trees can be trained in many styles, the most common being either central leader or 
open center. 
 


When a tree whip is planted, it is headed back or pruned at approximately 30 inches. When planting larger 
trees (5' to 8'), the leader can be tipped back and all side limbs should be headed back to a bud or two or removed 
completely. All limbs lower than 3 feet are removed.  


 
 For central leader trees, form the first whorl of 2 to 4 limbs at about 3' above the ground.  No two limbs 


should arise at the same level on the trunk, nor directly above each other nor crossing each other.  Select limbs with 
a wide branching angle to the trunk (45-60 degrees). Form additional whorls of 2 to 4 limbs at 18" to 24" intervals 
above the first. 
 


For open-center trees, begin the scaffold system about 36" above the ground.  No more than 2 limbs should 
arise at any one point.  Three or four main scaffold limbs are used to form most open center trees.  Open center trees 
are more apt to split out and are more prone to damage in heavy snows. 
 


Maintenance pruning is used to renew fruiting wood, increase fruit size and to keep the tree at a 
manageable size. Trees must be pruned so that light can penetrate through to inner leaves for good flower production 
and fruit-set. Early spring is the best time to prune fruit trees before the buds swell. Maintenance pruning also 
removes dead, diseased or damaged wood. Remove no more than 30% of the canopy in any one year.  
 


Corrective pruning, which is often severe, is sometimes needed to reduce tree size and to correct or remove 
poor limbs.  It is also used to rejuvenate trees that have been injured, neglected or to graft in new varieties. Again 
remove no more than 30% of the canopy and do not top the tree. 
 


Pruning remains a personal choice and no two people prune the same way.  Every person pruning, 
however, should have a logical reason for each cut.  Excessive pruning can reduce the amount of fruit production, 
encourage weak sucker growth, delay the onset of bearing fruit, increase the susceptibility to fire blight and deform 
the natural beauty of the tree. 


 
 
Fruit Yields 
 


Fruit trees generally begin bearing fruit within 5 years of planting. This varies with species and cultivar. 
Poor fruit yields can be attributed to several factors: (1) Physiological problems such as poor growing conditions 
during flower bud formation the previous year. (2) Lack of pollination due to no compatible tree in the vicinity, 
insecticide damage to bees or reduced bee activity because of cool weather. (3) Unfavorable weather for flower bud 
development such as high temperatures, or frost. (4) Insect or disease damage to flowers or developing fruit. (5) 
Cultural problems such as excessive pruning or shading from other trees. 


 
Rarely is poor fruit production due to lack of nutrients. Unnecessary fertilization of fruit trees can lead to 


more problems. 
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How to Grow Fruit Trees 
 
Apples and Crabapples 
 


Apple and crabapple trees are among the most cold tolerant of fruit trees, but cultivars vary in their 
adaptability to different climates. There are many apple cultivars to choose from. They vary in hardiness, disease 
resistance, size of tree and fruit, ripening date, taste and storage life. There are several cultivars of edible crabapples 
that have high quality fruit for jelly or eating fresh. Cultural considerations are similar to apples. 


  
Best growth and fruit production is in deep, well-drained soil, but given the proper rootstock, trees will 


tolerate heavier soils.  All apples require pollination. Most cultivars will set some fruit on their own pollen, but two 
different cultivars flowering at the same time is best for proper pollination and good fruit-set.  To enable proper 
pollination, cultivars should be no farther than 1000’ feet away from each other. Fertilize with a well-balanced 
fertilizer only if leaves are pale and growth is weak. Many apple and crabapple cultivars are susceptible to fire 
blight. Choose fire blight-resistant cultivars when planting new trees. (See pear section below on fire blight 
treatment). Wrap the trunks of young apples in winter to protect from rodents and sunscald.   
 
 Apples are ripe when seeds have begun to turn brown and they taste good. Apples can tolerate frost and 
temperatures down to 25 degrees F.  Some cultivars need a few light frosts to improve the flavor. 
 
Apricots 
 


Apricots flower very early in spring; consequently, fruit production is risky in regions subject to late frosts.  
Planting trees in a northern or eastern exposure (but not in shade) helps to reduce frost injury. These sites are cooler 
and flowers are slower to develop in the spring increasing the chance that hard frosts will be past. Apricots are less 
cold hardy than apples but more hardy than peaches or nectarines. Although most apricot varieties are self-
pollinating, fruit-set is improved with cross-pollination.   
 
Cherries 
 
 Both sweet and tart cherries are useful and attractive in home gardens. Cherries perform best in deep, well-
drained soils.  On shallow or poorly drained soils they will decline and die. Cherries are susceptible to sunscald and 
must be whitewashed or wrapped to prevent damage to the southwest side of the trunk.  Birds love cherries; small 
trees can be protected with netting. 
 


 Sweet cherries are not reliably winter hardy in most areas of Montana and Idaho. They are successfully 
grown on protected sites near large bodies of water (such as Flathead Lake).  Sweet cherries are planted at 30 foot 
spacing to avoid crowding and allow sunlight and air to penetrate the canopy. They require cross-pollination, so two 
trees of different varieties must be planted together to set fruit. Cross-pollination can be difficult. Check to be sure 
specific sweet cherry cultivars are compatible. Pie or tart cherries are easier to grow and hardier than sweet cherries. 
They are self-pollinating, meaning that a lone tree will bear fruit. Tart cherries are planted at 15 to 20 foot spacing. 


 
Plums and Cherry Plums 
 


Plums can be grown successfully in Montana and Idaho.  While most of the large commercial-quality 
European plum cultivars are hardy only in protected areas of western Montana and Idaho, native plums and many 
American, Japanese and Manchurian hybrids are well-adapted to northern gardens. Other cherry x plum hybrids 
produce small, high quality fruits on hardy compact trees or bushes. Plant most plums on 20 foot spacing. In general, 
plums are intermediate in cold hardiness between apples and cherries. Cross-pollination must be carefully 
considered when selecting hardy plum hybrid cultivars, as many are not compatible.  Some cultivars are self-fertile. 
Protect the trunks of plum trees from sunscald and winter injury.  Prune to avoid V-shaped crotches. Fertilize mature 
trees with 1-2 lbs. of nitrogen per year for larger fruits. Harvest plums when fully ripe, usually they will start falling 
off the tree.  Pit plums before canning as the pits can release cyanic acid. 
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Peaches and Nectarines 
 


Peaches and Nectarines are a gamble in most areas of Montana and Idaho. They are the least cold hardy of 
temperate zone tree fruits. Generally these trees are damaged when winter temperatures go below -10 to -15 degrees 
F. Planting the hardiest varieties on a hillside where cold air drains to low-lying areas or near large bodies of water 
(which moderate winter lows) may let you grow these fruits in areas otherwise too cold for them.  Plant in fall 
whenever possible, no less than 20 feet apart; cold-winter areas will have to be planted in early spring. Many 
cultivars of the hardier peaches and nectarines are self-fertile. Of all stone fruits peaches and nectarines prefer the 
lightest, more sandy soils. Compared to other fruit trees, peaches and nectarines require heavier fertilization and 
more pruning for good production.  Good soil drainage is essential.  
 
 
Pears 
 


Pears are one of the most popular tree fruits in the world, but are not as cold hardy and require more 
attention than many other tree fruits.  Pears are usually planted on 20 foot spacing and require cross-pollination to 
set fruit. Most pears that bloom at the same time are suitable pollinators. Because pear blossoms have small amounts 
of nectar and low sugar content, pears require more pollinators and bees than any other fruit. Pears are harvested 
slightly green and ripened for 5 to 10 days in cool storage. The flesh will give slightly to the touch when pears at 
their best.  
 


Pears require specialized sprays for fire blight control. This problem should be considered before planting.  
No other fruit is so limited by it’s susceptibility to just one disease, fire blight.  The best cultural control is to use 
resistant varieties.  Diseased wood must be pruned out 10” below infection and burned.  Shears should be sterilized 
in a 10% bleach solution between each cut.  Prune pears only to shape them, limiting cuts to smaller branches, if 
possible, as heavy pruning may stimulate vigorous growth.  This new growth is highly susceptible to fire blight.  
Avoid high nitrogen fertilizers unless soil tests or foliage show nitrogen deficiency, as the resulting lush growth will 
be susceptible to fire blight.  
 
Nuts   
 
 Nut trees such as hazelnuts, filberts and walnuts may grow in parts of Idaho and Montana, but nut 
production is difficult due to killing frosts at blossom time, marginal cold hardiness and short growing seasons. 
Seedlings tend to do better than grafted cultivars. 
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Chapter Review 
 
 
A. Describe the difference between self-fertile and self-sterile fruit tree varieties, and name three types of fruit 
 trees that can be self-fertile: 
 
 1. __________________________   2. __________________________ 3. _______________________ 
 


  
 
B. Where should the graft union be relative to the soil or mulch surface when planting a bare root tree? 
 And why?   
 


1.  ___________________________________________________________________________________ 
 
 
C. List five reasons why homeowners often fail in chemical control of fruit tree pests and diseases. 
 


1 ___________________________________ 2. ____________________________________ 
 


3. ___________________________________ 4. ____________________________________ 
 


5. ___________________________________ 
 
 
E. Why must fruit trees be grafted or budded to obtain true-to-name varieties? 
 


_____________________________________________________________________________________ 
 
 
F. Why is rootstock selection important in apple trees?  _______________________________________ 
 
 
G. What are the size differences between dwarf, semi-dwarf, and standard when referring to apple trees? 
 


_____________________________________________________________________________________ 
 


_____________________________________________________________________________________ 
 
H. What is the most serious pear tree disease?   
 
 1. ___________________________________  
 
 
I. Describe for a customer the main reasons for pruning fruit trees. 
 


1. ___________________________________________________________________________________ 
 


2. ___________________________________________________________________________________ 
 


3. ___________________________________________________________________________________ 








TITLE 80. AGRICULTURE 


CHAPTER 7. DISEASE, PEST, AND WEED CONTROL 


Part 1. Control of Diseases and Insects in Nurseries 


Definitions 


80-7-105. Definitions. Unless the context requires otherwise, in this chapter, the following
definitions apply: 


(1) "Firm" means an individual, company, partnership, association, or corporation.


(2) "Landscape service" means a firm that buys, sells, or resells nursery stock.


(3) "Nursery" means the business or location where nursery stock is grown, offered for sale, or
distributed. 


(4) "Nursery stock" means botanically classified plants or parts of plants, including but not limited
to tropical potted plants, aquatic plants, and turf or sod grass. Certain plants and plant materials 
intended for human or animal consumption and not intended for planting may not be considered 
nursery stock, including the following: 


(a) commodity plants and their seeds;


(b) pasture grasses;


(c) cut plants not for propagation;


(d) fruits or vegetables for human or animal consumption;


(e) cut trees and products that are going to be processed to a point that they no longer represent
a pest risk; and 


(f) plant debris for disposal or processing.


(5) "Plant dealer" means a firm that buys plants or plant products from a producer for the purpose
of offering the plants or plant products for sale or resale or as part of a landscape service. 


(6) "Plant inspection certificate" means a document issued by the department or the plant pest
regulatory agency of another state that declares that the nursery stock, plants, or plant material grown 
by the firm named on the certificate is apparently free of injurious plant pests. 


(7) "Plant pest" means an insect, weed, fungus, virus, bacteria, or other organism that can directly
or indirectly injure or cause damage in a plant or a product of a plant and that meets the criteria as a 
pest established by department rule. For purposes of this chapter, noxious weeds, as defined in 7-22-
2101(8)(a)(i), or other exotic weeds are defined as plant pests. 


License Required -- Application And Payment Of License Fee -- Exemption 


80-7-106. License required -- application and payment of license fee -- exemption. (1) (a)
Except as provided in subsection (1)(b), a firm, nursery, plant dealer, or landscape service engaging 
in the business of selling or distributing nursery stock in this state shall obtain a license from the 
department for each location. 


(b) A firm, nursery, plant dealer, or landscape service is not required to obtain a license in
Montana if the firm, nursery, plant dealer, or landscape service is licensed as a nursery in another 
state and the state in which the firm, nursery, plant dealer, or landscape service is licensed grants 
nonresident licenses to residents of this state on the same basis. 


Nursery Law
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(2) The license must be in the name of the firm, nursery, plant dealer, or landscape service 
seeking the license and expires on the anniversary date established by rule by the board of review 
established in 30-16-302. The applicant shall provide information that the department finds necessary 
to carry out the provisions and purposes of this chapter and in the form determined by rule by the 
board of review established in 30-16-302. 


(3) (a) The license fees for each location for a firm, nursery, or plant dealer are as follows: 


Gross annual sales of nursery 


stock: 
Fee range: 


not more than $5,000 $25 to $35 


$5,001 to $75,000 $135 to $185 


$75,001 to $150,000 $200 to $250 


$150,001 to $250,000 $300 to $350 


Over $250,000 $400 to $450 
(b) A landscape service shall pay a license fee of not less than $150 or more than $200. A 


landscape service that sells nursery stock shall pay a license fee for either a landscape service or a 
nursery, whichever is greater. 


(c) A sod farmer shall pay a license fee of not less than $220 or more than $270. 


(d) The department may adjust by rule a license fee within the fee range described in this 
subsection (3) to maintain funding for this part. When calculating a license fee, the department shall 
adjust gross sales down to the nearest dollar. 


(4) A new applicant or a firm, nursery, plant dealer, or landscape service failing to renew a license 
for any location on or before the annual anniversary date provided for in subsection (2) shall pay an 
additional nonrefundable late fee of $25 for the license for the location. 


(5) The fees required by this section may be paid by credit card. 


Grounds For Refusal Or Revocation Of License 


80-7-107. Grounds for refusal or revocation of license. The department, in accordance with 
Title 2, chapter 4, may refuse to issue a license or it may revoke a license under this part when: 


(1) the firm has been adjudged bankrupt, insolvent, or guilty of fraud or deceit by a court of 
competent jurisdiction; or 


(2) a verified complaint is made to the department that a licensee has failed to comply with this 
part. 


Nursery Stock Inspections 


80-7-108. Nursery stock inspections. The department: 


(1) may enter the premises of a licensed firm, nursery, plant dealer, or landscape service during 
regular business hours for the purpose of inspecting nursery stock or other materials for possible plant 
pests or for determining licensure compliance; and 


(2) shall, pursuant to rules promulgated by the department, determine the schedule, the need for 
inspections based on complaints received and the department's assessment of risk to the state from 
potential plant pests, and the expected amount of time for the inspections. 
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Duty To Notify Department Of Infestation 


80-7-109. Duty to notify department of infestation. A firm, nursery, plant dealer, or landscape 
service with nursery stock or other materials that are infected or infested with plant pests shall notify 
the department. The firm, nursery, plant dealer, or landscape service shall comply with the instructions 
of the department for the control of the plant pests. 


Removal Of Nursery Stock -- Assessment Of Costs 


80-7-110. Removal of nursery stock -- assessment of costs. If a firm, nursery, plant dealer, 
or landscape service that owns nursery stock or other materials infected or infested with any injurious 
plant pest fails to comply with the instructions of the department for the destruction or control of the 
injurious plant pest or the destruction of the infested or infected nursery stock or other material within 
the time specified by the department, the department may condemn, remove, or destroy the nursery 
stock or other material or treat it with a proper remedy at the expense of the owner. 


Nursery Account -- Investment Of Funds 


80-7-123. Nursery account -- investment of funds. (1) There is an account in the state special 
revenue fund. All fee revenue and reimbursements for costs authorized under 80-7-106, 80-7-110, 80-
7-135, and this section must be deposited in this account. Revenue in the account must be used for 
the purposes and provisions of this part. 


(2) Revenue received under 80-7-106, 80-7-110, 80-7-135, and this section not immediately 
required for the purposes of 80-7-106, 80-7-110, 80-7-135, and this section must be invested in 
accordance with the unified investment program established in Title 17, chapter 6, part 2. Income from 
the investments must be deposited in the account. 


Acts Made Unlawful -- Penalty 


80-7-133. Acts made unlawful -- penalty. (1) It is unlawful for a firm, nursery, plant dealer, or 
landscape service to: 


(a) fail to properly identify nursery stock offered for sale. Identification must include but is not 
limited to the scientific name, common name, and variety, except with regard to mixed annual 
plantings. Each nursery plant offered for sale as a separate plant must be identified. A single means 
of identification is allowed on each bundle of bare root seedlings, liners, or hedging grade nursery 
stock. 


(b) falsely represent or misrepresent the name, age, variety, or class of any nursery stock sold or 
offered for sale; 


(c) falsely represent or state that any nursery stock offered for sale, sold, or delivered was grown 
in a certain location, when in fact the nursery stock was grown in another location; 


(d) deceive or defraud any firm in the sale of any nursery stock by substituting inferior or different 
varieties or ages from those ordered; 


(e) bring into this state, offer for sale or distribution within this state, or ship, sell, or deliver upon 
any sale any nursery stock that is infected or infested with a plant pest dangerous to the agricultural 
or horticultural interests of the state or that violates any federal or state quarantine; or 


(f) sell or distribute nursery stock, cut decorative plants, or aquatic plants declared to be noxious 
weeds as defined in 7-22-2101. 
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(2) In case of misrepresentation, false representation, deceit, fraud, substitution, or sale and 
distribution of noxious weeds, the firm, nursery, plant dealer, or landscape service is subject to 
punishment as provided in 80-7-135 and is liable to a party damaged or injured to the extent of all 
damages sustained, which may be recovered in a civil action in any court of competent jurisdiction. 


Penalty For Violation 


80-7-135. Penalty for violation. (1) A firm, nursery, plant dealer, or landscape service that 
violates or aids in the violation of a provision of this part or of the rules, orders, or quarantines of the 
department adopted under Title 2, chapter 4, and this part commits a civil offense and is subject to a 
civil penalty of not more than $1,000 for each violation. 


(2) Assessment of a civil penalty may be made in conjunction with another warning, order, or 
administrative action authorized by this chapter. A civil penalty collected under this section must be 
deposited in the nursery account established in 80-7-123 for response activities of the department, 
education, training, research, and development for the nursery industry pursuant to rules established 
by the department. 


(3) The department shall establish by rule: 


(a) a penalty schedule that establishes the types of penalties and the amounts, not to exceed 
$1,000, for initial and subsequent offenses; and 


(b) other matters necessary for the administration of civil penalties. 


(4) Sections 80-7-105, 80-7-106, 80-7-108, 80-7-109, 80-7-123, and this section may not be 
construed as requiring the department or its agents to report violations of this part when the 
department believes that the public interest will be best served by a suitable notice of warning. 


Quarantines And Pest Management Procedures -- Department Rules 


80-7-402. Quarantines and pest management procedures -- department rules. The 
department may adopt rules concerning: 


(1) intrastate and interstate quarantines; 


(2) procedures to investigate and enforce quarantines to prevent the introduction or spread of 
plant pests, plants capable of spreading plant pests, plants defined as noxious weeds in 7-22-2101, 
and other exotic plants defined by department rule as plant pests; 


(3) pest management standards and procedures for surveying and controlling plant pests; 


(4) procedures for the introduction of plant pests and biological control agents into the state; and 


(5) procedures for the recovery of expenses and imposition of penalties. 


Penalty 


80-7-404. Penalty. (1) A person who violates the quarantines, procedures, or rules of the 
department adopted under 80-7-402 commits a civil offense and is subject to a civil penalty of not 
more than $5,000 for each violation. 


(2) Assessment of a civil penalty may be made in conjunction with another warning, order, or 
administrative action authorized by this part. A civil penalty collected under this section must be 
deposited in the general fund. 


(3) The department shall establish by rule: 
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(a) a penalty schedule that establishes the types of penalties and the amounts, not to exceed 
$5,000, for initial and subsequent offenses; and 


(b) other matters necessary for the enforcement of civil penalties. 


(4) This section may not be construed as requiring the department or its agents to report 
violations of 80-7-402 when the department believes that the public interest will be best served by a 
suitable notice of warning. 


4.12.1301    DEFINITIONS 
(1) "Article" is any item subject to a quarantine. 
(2) "Department" means the Department of Agriculture. 
(3) "Accredited Certifying Official (ACO)" is a federal, state, or county official 


accredited to perform phytosanitary inspections and sign phytosanitary certificates for 
commodities meeting phytosanitary requirements. 


(4) "Fomite" is any inanimate object or substance capable of carrying an organism, 
functions to transfer an organism, or in any other way acts as a nonliving vector of a 
pest. 


(5) "Location" is any place where quarantine pests, quarantine articles, plants, plant 
propagative material, plant products, and other associated items or materials are. This 
includes, but is not limited to, businesses; fields; gardens; production areas; 
propagation areas; greenhouses; processing facilities; places where regulated articles 
or plants are kept, sold, traded, bartered, used, given away, or distributed; and all 
conveyances. 


(6) "Long-term quarantine" is a quarantine that lasts over 12 months. 
(7) "Permit" is a written authorization issued by the department, another state, or the 


federal government and is approved by the department for the movement of any 
prohibited or restricted plant pests or quarantined articles. 


(8) "Phytosanitary documentation" is legal paperwork certifying that visual 
inspections have been completed by a state or federal official and that all other 
requirements such as, but not limited to, surveys, laboratory tests, and treatments, have 
been met. 


(9) "Phytosanitary inspection" is an inspection conducted by an individual trained 
and certified to determine if prohibited materials or organisms are present or to take 
official samples to be examined by a qualified individual or an accredited laboratory 
elsewhere. 


(10) "Phytosanitary measure" is an action taken to assure that prohibited materials 
and/or organisms are not present in or on plants or plant materials. 


(11) "Plant matter" is any plant species that includes, but is not limited to, 
agricultural, forest, range, nursery, or ornamental species; soil; fruit, vegetables, seeds, 
or nuts; any other plant part or propagative material; or plant product. This includes 
house, greenhouse, hothouse, potted (regardless of planting medium), bareroot, 
aquarium, pond or other water related, and windbreak plants. 


(12) "Plant pest" is any organism that can directly or indirectly injure or cause 
damage in or to a plant, plant propagative material, or a plant product including, but not 
limited to, an insect, weed, fungus, virus, bacteria, parasite, pathogen, nematode, vector 
or other organism that meets the criteria as a pest established by department rule. 


Quarantines and Pest Management Standards
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(13) "Proper documents" is a copy of the original invoice listing the origin of the 
articles, quantity and value of articles, location where the articles are destined to arrive, 
anticipated date of arrival, and/or other requirements specified under a quarantine. 


(14) "Quarantine" is a rule, order, or other legal instrument duly imposed or enacted 
by the department on regulated areas or articles. 


(15) "Quarantined article" is anything covered by a quarantine order in 
ARM 4.12.1302, 4.12.1303, or an emergency declared by the director of the 
Department of Agriculture. 


(16) "Regulated area" is an area into which, within which, and/or from which plants, 
plant products, and other regulated articles are subject to phytosanitary measures or a 
quarantine to prevent the introduction and/or spread of quarantine pests. 


(17) "Regulated article" is any plant, plant matter, propagative plant parts, plant 
products, associated plant material, container, conveyance, or any other object or 
material capable of harboring or spreading plant pests, and that is subject to 
phytosanitary measures or a quarantine. 


(18) "Short-term quarantine" is a quarantine that lasts 12 months or less. 
(19) "Vector" is an organism that transmits a pathogen. 


 


4.12.1302    ESTABLISHING A QUARANTINE 
(1) The director of the Department of Agriculture or his/her designated 


representative may establish or modify a quarantine by signing an order. The order will 
specify what is to be quarantined, the quarantine requirements, and the length of the 
quarantine. 


(2) A long-term quarantine shall be adopted into rule, but is effective upon signature 
of the director or his/her designated representative. 


(3) A list of quarantines is available by contacting: Montana Department of 
Agriculture, Agricultural Sciences Division, 302 N. Roberts, P.O. Box 200201, Helena, 
MT 59620-0201; fax: (406) 444-7336; e-mail: agr@mt.gov, or through the department's 
web site: www.agr.mt.gov. 
 


4.12.1303    NOTIFICATION OF IMPORTS 
(1) Anyone who transits or imports quarantined articles for use, sale, resale, or 


distribution shall provide notice and required proper documents to the department by 
mail, fax, e-mail, or other approved method. 


(2) The department must be in receipt of all proper documents at least 48 business 
hours before bringing the items into the state. Business hours are Monday through 
Friday, 8:00 a.m. to 5:00 p.m., MST, excluding state holidays. 


(3) Under no circumstance may the imported item(s) be unloaded within the state 
until the department receives the proper documents and authorizes entry of the 
regulated articles. 


(4) The department may notify the shipper or the receiver that the imported or 
transiting items cannot be brought into the state, must be removed from the state, must 
be inspected, or must show that it has met any requirements the department deems 
necessary. 
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4.12.1304    PERMITS 
(1) The quarantine order or rule may specify the type and kind of permit required for 


import, export, transit, movement, handling, or other actions of regulated articles. 
Permits may require actions by the permittee or department such as, but not limited to, 
inspection, sampling, analysis or testing, cleaning, decontamination, treatment, 
covering/sealing, destruction or disposition, safeguarding, or other services or actions to 
mitigate the pest risk and protect the state and its resources. 


(2) At the department's discretion, the department may recognize and grant 
reciprocal permit agreements with other units of government through a written 
memorandum of understanding. Such agreements will, at a minimum, specify the unit of 
government and duration of the agreement and provide for termination of the agreement 
at the discretion of the department. 


(3) All permits are subject to department oversight and may be subject to audit or 
inspection to ensure conformance with all permit conditions. 


(4) Any permit may be canceled by the department at any time. 
(5) Permits may have an associated fee. Permit fees will be specified in each 


quarantine order. 
(6) Permits may require bonding, the amount of which will be determined by the risk 


associated with such a permit. 
(7) If no permit is specified, then the quarantined item in question cannot be 


imported, exported, transported, or moved into, through, out of, or within Montana, 
without specific written authorization by the department. 


 


4.12.1305    INSPECTIONS 
(1) The department may inspect at any time, without notice, any business, location, 


conveyance, or records relating to such a business, location, or conveyance of: 
(a) Any individual, business, distributor, or shipper that sends a notice of import and 


the receiver of such imports. 
(b) Any permit holder or anyone who has had a permit in the previous 24 months. 
(c) Any person involved in the import or export of any plant, plant matter, plant part, 


plant product, or other regulated article subject to a quarantine. 
(d) Any location that has, grows, propagates, processes, distributes, sells, trades, 


barters, uses, or gives away a plant, plant matter, plant part, or plant product subject to 
a quarantine. 


(2) Inspections are only for the purposes of investigating compliance with these rules 
and to ensure the department's quarantines are effective. 


(3) The department may conduct inspections on any person, place, or item if the 
department has reason to believe it contains material in violation of a quarantine. 


(4) The department may recover actual costs of inspections. 
 


4.12.1306    COMPLIANCE AGREEMENTS 
(1) The department may enter into a compliance agreement with any person. 
(2) Compliance agreements may be used to meet quarantine requirements that 


facilitate import, export, handling, and movement of quarantine articles or items. 
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(3) Anyone who enters into a compliance agreement with the department must be 
able to demonstrate that they can meet or exceed all state and applicable federal 
requirements and must: 


(a) Have good standing with the department. 
(b) Not have an outstanding or past due account for any department program, 


service, or area of authority. 
(c) Have all required licenses and/or registrations for all department programs and 


services. 
(d) Not have any record of violation pertaining to a quarantine. 
(e) Not have a record of any violation within any statute, administrative rule, 


procedure, or policy for which the department has authority and jurisdiction that: 
(i) has occurred within the last two years; or 
(ii) is a repeat violation, occurring during the past five years. 
(f) Not have a record of any violation with any statute, administrative rule, procedure, 


or policy, within any state, that parallels a responsibility under the proposed compliance 
agreement. 


(g) Have had no permit, agreement, or other authority rescinded, suspended, 
revoked, or terminated for cause. 


(h) Meets all education, training, certification, accreditation, or other requirement to 
perform proposed activities or services. 


(4) The department may require a bonded compliance agreement for certain 
activities. 


(5) The department may charge a fee for a compliance agreement. The fee will be 
specific to the type and scope of the compliance agreement actions or services. 


(6) The department may recognize and grant reciprocal agreements with other units 
of government provided the above conditions are met both in Montana and the state in 
which the person resides. 


(7) All compliance agreements are subject to department oversight and may be 
subject to audit or inspection to ensure conformance with all compliance agreement 
conditions. 


(8) All compliance agreements may be canceled by the department at any time. 
 


4.12.1307    VIOLATIONS AND PENALTIES 
(1) Violation Schedule 1st 


Offense 
Subsequent 
Offense 


(a) Selling, distributing, propagating, 
rearing, planting, releasing, moving, or 
transporting a regulated article without 
a permit or compliance agreement. 


  
  
  
  
$2,500 


  
  
  
  
$5,000 


(b) Knowingly bringing plants, plant 
matter, propagative plant parts, plant 
products, or any associated material 
into the state that is diseased, 
infected, or infested whether it is 
quarantined or not. 


  
  
  
  
$2,500 


  
  
  
  
$5,000 
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(c) Bringing a quarantined regulated 
article into the state without a required 
permit. 


  
  
$2,500 


  
  
$5,000 


(d) Failure to obtain a permit. $1,000 $5,000 
(e) Failure to have a required permit or 
other required document with a 
quarantined item. 


  
  
$1,000 


  
  
$5,000 


(f) Failure to provide required 
notification. 


  
$1,000 


  
$5,000 


(g) Failure to follow any required 
safeguard not resulting in harm. 


  
$1,000 


  
$5,000 


(h) Failure to follow any required 
safeguard that resulted in harm. 


  
$2,500 


  
$5,000 


(i) Failure to keep required records.   
$1,000 


  
$5,000 


(j) Failure to release or allow access to 
records pertaining to a quarantine, 
order, permit, or compliance 
agreement. 


  
  
  
$2,500 


  
  
  
$5,000 


(k) Falsifying any record or document 
related to a quarantine, order, permit, 
or compliance agreement, including, 
but not limited to all sales, handling, 
shipping, transporting, importing, and 
exporting and any invoice, bill of 
lading, permit, seal, or certificate. 


  
  
  
  
  
  
$2,500 


  
  
  
  
  
  
$5,000 


(l) Interfering with or preventing an 
inspection or investigation. 


  
$2,500 


  
$5,000 


(m) Failure to be in compliance with a 
quarantine requirement. 


  
$2,500 


  
$5,000 


(n) Noncompliance with any state or 
federal quarantine, order, permit 
condition or requirement, or 
compliance agreement that did not 
cause harm. 


  
  
  
$2,500 


  
  
  
$5,000 


(o) Noncompliance with any state  
or federal quarantine, order, permit  
condition or requirement, or compliance  
agreement that caused harm. 


$5,000 $5,000 


(p) Any other violation of the  
Quarantine Act or these rules that did not  
cause harm. 


$2,500 $5,000 







(q) Any other violation of the  
Quarantine Act or these rules that caused  
harm. 


$5,000 $5,000 


(2) Violation of a quarantine permit, import permit, or compliance agreement may 
result in suspension of a permit or compliance agreement or denial of a future request 
for a permit or compliance agreement. 


(3) Anyone who violates these rules is acting negligently, if not intentionally, and is 
liable for all harm they cause and may be liable for all costs associated with, but not 
limited to, trapping, monitoring, surveying, analysis, testing, containment, eradication, 
control, management, disposition, destruction, restoration, and other measures deemed 
necessary by the department. 


(4) At the department's discretion, each continued day of violation can be a separate 
offense.  


 


4.12.1308    PLANT HEALTH QUARANTINES 
(1) All quarantines are listed by the name of the quarantine and references the 


quarantine order number. The order will specify the name of the quarantine and 
describe the plant pest(s), regulated articles, and regulations, e.g., notifications, 
inspections, sampling, certifications, required permit(s), safeguards, and any other 
requirements. 


(2) Quarantine orders are available from the department by accessing the 
department's web site at www.agr.mt.gov or by requesting a copy of the order by 
writing, e-mailing, or faxing a request to the Department of Agriculture at P.O. Box 
200201, Helena, MT 59620-0201; agr@mt.gov; or (406) 444-5409. 


(a) The department may charge actual costs of printing, copying, and mailing copies 
of a quarantine rule or order. 


(3) The following is the current list of long-term quarantines: 
(a) European Pine Shoot Moth (EPSM) (Rhyacionia bouliana). See Order MTQ-


2008-01. 
(b) Late Blight Quarantine (Phytophthora infestans). See Order MTQ-2008-02. 
(c) Japanese Beetle (Popillia japonica Newman). See Order MTQ-2008-03. 
Intrastate Quarantine. 
(d) Japanese Beetle (Popillia japonica Newman). See Order MTQ-2013-01. 
Interstate Quarantine. 
 
4.12.1405    OTHER NURSERY FEES 
(1) All fees for services are payable upon receipt of a billing statement. The 


department may assess a collection fee of 18% annual percentage rate, or assess a 
minimum fee of $25, whichever is greater, for any payment amount not received on or 
before the last regular business day of each month. The department may require past 
due payment of fees prior to providing inspection services. The fees shall be as follows: 


(a) Annual clean plant and indexing certification, pursuant to 80-7-108, MCA, is 
$250. 


(b) Services: 
(i) heat treatment certificates: $10; and 
(ii) other documents of quarantine compliance: $10. 
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(c) The department charges for mileage, lodging, per diem, and an hourly rate for 
certain services to recover costs for expenses that exceed the fees established in (1)(a), 
(b), and (c). These charges are as follows: 


(i) actual cost of trapping, survey, and treatment materials when requested by public 
or private persons when related to export certification or nursery stock certification; and 


(ii) hourly charge - $44 per hour with a one-hour minimum. 
(d) Charges for lodging, meals, and mileage will be computed in accordance with 


rates established in 2-18-501, MCA. 
 
4.12.1407    RIGHT TO HOLD NURSERY STOCK FOR INSPECTION-- 


CONDEMNATION OF PRODUCTS 
(1)  All condemnation orders issued by the department are subject to appeal 


pursuant to the provisions of the Montana Administrative Procedure Act (Title 2, chapter 
4, MCA)  and the procedural rules of the department (ARM Title 4, chapter 2)  . 


(2)  All notices of condemnation of nursery stock or plant material given by the 
department shall be written and served either upon the owner, shipper, or person in 
charge. If no person is in charge of such stock, the department shall immediately notify 
the consignor at his address advising him of the action and in such case the consignor 
shall have three days to perfect an appeal as defined. 


(3)  The owner, shipper or person in charge of the condemned nursery may appeal 
the decision to the director of the department in writing. Such appeal must be perfected 
within twenty-four hours after the notice has been served if notice is delivered in person 
and three days if notification is made by mail. Condemned stock must, at the expense of 
the person perfecting the appeal, be immediately placed in quarantine until final action 
and determination of the appeal. 


 
4.12.1409    QUARANTINE OF PLANT MATERIALS AND NURSERIES 
(1)  The director, or his representative, has the authority to establish and enforce a 


quarantine over any place where plant materials or nursery stock are grown, or kept that 
is infested with any injurious plant pest. The director, or his representative declaring 
such quarantine shall notify the owner or person in control of such place in writing of the 
establishment of the quarantine. The owner or person in control of quarantined place 
shall not ship or move or allow to be shipped or remove any, nursery stock or other 
material, except by written permission of the director, or his representative. The owner 
or person in control of any place may be permitted to use such nursery stock or plant 
material on the premises under the instructions of the director or his representative. 


(2)  All quarantine orders issued by the department are subject to appeal pursuant to 
the provisions of the Montana Administrative Procedure Act (Title 2, chapter 4, 
MCA)  and the procedural rules of the department (ARM Title 4, chapter 2)  . 


 
4.12.1411    DEFINITIONS 
(1) "Audit" means a systematic and independent examination to determine whether 


an auditee's activities conform with prescribed objectives. 
(2) "Certification Program" means a comprehensive process established and 


authorized by a state or other governmental entity for the production of plants, plant 
materials, and propagative materials free of regulated pests and diseases. The 
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regulations of the program define the program participation, plant production, plant 
identification and labeling, and quality assurance requirements. 


(3) "Department" means the Montana Department of Agriculture. 
(4) "Indexing" means to determine the presence or absence of transmissible viruses 


or diseases in plants, plant materials, or propagative materials that may involve 
inspection, tests, and analysis. 


(5) "Import permit" means an official document issued by a national or regional plant 
protection organization of the importing country authorizing importation of a commodity 
in accordance with specified phytosanitary measures. 


(6) "International Standard for Phytosanitary Measures (ISPM)" means an 
international standard adopted by the Conference of FAO, the Interim Commission on 
Phytosanitary Measures or the Commission on Phytosanitary Measures, established 
under the International Plant Protection Convention. 


(7) "NAPPO" means North American Plant Protection Organization. 
(8) "National Plant Protection Organization (NPPO)" means official service 


established by a government to discharge the functions specified by the International 
Plant Protection Convention. 


(9) "Official" means established, authorized, or performed by a national plant 
protection organization. 


(10) "Pest" means any species, strain, or biotype of plant, animal, or pathogenic 
agent injurious to plants or plant products. 


(11) "Phytosanitary Certificate" means the use of phytosanitary measures that 
prevent the introduction or spread of a quarantined pest, which leads to the issuance of 
a certificate attesting to those measures. 


(12) "Regulated Pest" means a quarantine pest or a regulated nonquarantine pest. 
(13) "Regional Standard for Phytosanitary Measures" means phytosanitary 


measures established by a regional Plant Protection Organization. 
(14) "Test" means official examination, other than visual, to determine if pests are 


present or to identify pests or disease. 
 
4.12.1439    CLEAN PLANT AND INDEXING CERTIFICATION 
(1) Plant and plant propagative indexing is a systems- and audit-based program. 


Participation in clean plant and indexing certification programs is voluntary. 
(2) The department will provide necessary services for certification of plant stock 


(plants and plant propagative materials) for the production and propagation of healthy, 
clean plant stock that meets certification requirements that support movement and state 
and international export of plants and propagative materials. 


(3) The department is not responsible for disease, genetic disorders, off-type, failure 
of performance, mislabeling, or otherwise, in connection with these rules. No grower, 
nursery dealer, government official, or other person is authorized to give any expressed 
or implied warranty, or to accept financial responsibility on behalf of the department 
regarding these rules. 


(4) To qualify for export, plant stock must also meet import state and country 
requirements for freedom from specified regulated pests. 
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4.12.1442    APPLICANT AND CERTIFIED CLEAN PLANT AND INDEXING 
ENTITY RESPONSIBILITIES 


(1) The applicant and certified individual or entities will: 
(a) Be registered or licensed in appropriate areas, e.g., nursery licensure is required 


for all plant materials covered under the definition of nursery stock; 
(b) Develop and submit for approval a written clean plant and indexing certification 


plan that addresses the required elements identified by the department; 
(c) Select, establish, develop, and manage all facilities and plant and propagation 


areas to meet the standards and requirements of the clean plant and indexing 
certification program, which includes critical control points associated with the operation, 
e.g., cultivation, irrigation, movement, sanitation, equipment management and other 
farming practices; 


(d) Maintain identity, registry, and plant health certificates of all plant materials 
associated with foundation, nuclear, generation, mother, scion, seed, rootstock, stool, 
increase, certified, and other qualified plant and plant propagative materials that are 
traceable; 


(e) Comply with all indexing, testing, and analysis required following an approved 
schedule. Ensure all test results are made available directly to the department from the 
approved agency or laboratory; 


(f) Notify the department of virus, disease, and pest issues that violate or could lead, 
if unabated, to violations of clean plant and indexing certification standards and threaten 
certification of plants, plant materials and propagation materials. Participants must 
follow approved pest management plan actions to address virus, disease, and pest 
issues or, when deemed necessary, instructions of the department; 


(g) Make facilities, propagation and production areas as well as tests and analysis 
and other documents available for inspection and audits by the department, or its 
representative or USDA; 


(h) Address identified issues and violations within an identified time frame that 
resolves the issue or violation necessary to meet clean plant and indexing certification 
requirements; 


(i) Keep records necessary to document: clean plant and indexing certification 
requirements; plant material identity from introduction, import, or development through 
sale, distribution, movement, export, or disposition; inspection and audit records and 
findings; compliance issues and resolutions; and test and analysis results for a 
minimum of three years; 


(j) Make application using a form provided by the department and pay application 
fees; and 


(k) Pay certification identification marker fees (labels, tags, and other methods of 
identification). 


 
4.12.1444    PHYTOSANITARY INSPECTION AND CERTIFICATION COSTS -- 


FEES 
(1) All fees for services are payable upon receipt of a billing statement. The 


department may assess a collection fee of 18% annual percentage rate, or assess a 
minimum fee of $25, whichever is greater, for any payment amount not received on or 
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before the last regular business day of each month. The department may require past 
due payment of fees prior to providing inspection and certification services. 


(2) Export certification fees shall be as follows: 
(a) federal and state phytosanitary certificate: 
(i) $105 for a noncommercial shipment, those shipments having a value that is less 


than $1,250; or 
(ii) $180 for a commercial shipment having a value that is $1,250 or more; 
(iii) $160 for a commercial produce shipment having a value that is $1,250 or more; 
(iv) administrative and replacement user fees for each federal or state phytosanitary 


certification. Requests for export certification shall be made through a client-funded 
Phytosanitary Certification Information Tracking (PCIT) account; and 


(v) certificate of Origin and Statement of Origin $150. 
 
4.12.1445    NURSERY FEES 
  
(1) The license fees for each location of a firm, nursery, or plant dealer are as 


follows: 
  
Gross annual sales of nursery stock:                  Fee: 
not more than $5,000……………………………..$25 
$5,001 to $75,000…………………………………$135 
$75,001 to $150,000………………………………$200 
$150,001 to $250,000……………………………..$300 
Over $250,000……………………………………. $400 
  
(2) A landscape service shall pay a license fee of $150. If the landscape service also 


sells nursery stock, it shall pay a license fee either as a landscape service or as a 
nursery, whichever is greater. 


(3) A sod farmer shall pay a license fee of $220. 
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MONTANA NURSERY LAW 
 


 
____________________________________________________________________________________________ 
 


Chapter Review 
 
 
A. When is a business required to have a nursery license?  ______________________________________ 
 


______________________________________________________________________________________ 
 
 
 
B. List four types of plants or plant materials that are not considered nursery stock:  
 


1. _______________________________________  2. _______________________________________ 
 


3. _______________________________________  4. ________________________________________ 
 
 


 
C. How must nursery stock be labeled?  ______________________________________________________ 
 
 ____________________________________________________________________________________ 
 
 
 
D. Describe four practices that are prohibited with respect to the sale of nursery stock. 
 


1. ___________________________________________________________________________________ 
 


2. ___________________________________________________________________________________ 
 


3. ___________________________________________________________________________________ 
 


4. ___________________________________________________________________________________ 
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Appendix B 
 


HOW TO MEASURE AN AREA 
 
A.  Stepping Off and Calculating Approximate Areas 


 
B.  Comprehensive Calculations (*Portions taken from the University of California Publication 4053. 
 


Areas of turfgrass that require treatment are generally much smaller than those treated in agriculture. So, 
measurements, calculations, and directions must be followed as closely as possible when applying fertilizer in order 
to avoid overuse of the material.  Here we explain how to calculate areas and how to determine fertilizer 
applications for different size plots when directions are given only for large acreages. 


 
Two determinations must be made before treating any given area one is the size of the area to be treated, 


and the other is the precise amount of the fertilizer to be used.   Frequently, unsatisfactory control is blamed on the 
fertilizer used, when, in fact, failure is due either to wrong calculations of the sum of the area to be treated or the 
amount of fertilizer to be applied or both. 
 
Examples and Calculations 
 


Determining the size of a given area can be simplified by dividing it into regular geometric shapes, 
assigning letters, such as a, b, c, d, and the like, to represent their dimensions, and using the formulas given in this 
section. Generally, any area can be considered as a square or rectangle. Odd extremities of an area (A) can be 
visualized as measurable triangles or circles.  For example, the fairways of a golf course can be visualized as 
rectangles, its tem as squares, and its greens, lakes, and water reservoirs as circles. 
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Formula: 


Area =  a x a, where 
a = height and width 


 
Example: a = 20 ft. 


Area = 20 ft. x 20 ft. = 400 sq. ft. 
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IRREGULARLY-SHAPED AREAS 
 


 
Method I. 


Determination of a very irregularly-shaped area can be obtained by establishing the longest line possible 
lengthwise through the center of the area.  Numerous lines are then established perpendicular to this center line.  The 
total number of lines will depend upon how irregular the shape of the area may be. The more irregular it is, the more 
lines should be drawn. From the average length of all these lines, the width of the area is determined and the area 
calculated as a rectangle. 
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Method II. 
Another method for determining the size of an irregularly-shaped area (a golf green, for example) is to 


establish a point as near to the center of the area as can be estimated.  From this point, as with a compass, distances 
for each 10-degree increment are measured to the edge of the irregularly-shaped green.  Then, the 36 measurements 
taken completely around the central point are averaged. The idea is to obtain an average measurement, and that 
measurement becomes the radius of the circle. The diameter (d) of the circle is found by multiplying its radius by 2. 
The area then is computed using the formula for a circle.  
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 Appendix C 
 


 Sample Certification Exam 
 
 


All of the questions in this exam are multiple choice or true/false. There is only one correct answer for each 
question.  You may use the tables in Appendices A and B during the exam.  While the questions are not identical to 
those on the actual certification exam, both the format and content are the same.  The questions here are intended 
to be samples of the Manual’s content, not a comprehensive collection.       
 


The actual certification exam consists of 200 multiple choice or true/false questions.  You will be given 
resource materials similar to those in Appendices A and B to use during the exam.  You may use a calculator and 
scratch paper, but no outside reference books or any other materials. 
 


Read each question and the possible answers carefully before selecting an answer.  Be thorough, but don't 
spend too much time on any single question.  Each correct answer is worth one (1) point.  If you're not sure which 
answer is correct, try to narrow the possibilities and select the one that seems best to you.  You will be better off 
making an educated guess than leaving an answer blank. 
  
1.  Mycorrhizae are: 


A.  pathogenic fungi that damage plant roots. 
B.  pathogenic bacteria that attack plant roots. 
C.  beneficial fungi that form a symbiotic relationship with roots. 
D. beneficial nematodes that attack plant pests in the soil. 


 
2.  Organic matter: 


A.  is not considered part of the soil. 
B.  provides plant nutrients. 
C.  improves soil aeration and moisture holding capacity. 
D.  both B and C above. 


 
3.  Buffalograss: 


A.  is well-adapted to dry, sandy sites. 
B.  is only propagated from seed. 
C.  turns brown when dormant and doesn't green up as early as fescues. 
D.  all of the above. 


 
4.  Fine-textured soils 


A.  normally have high nutrient-holding capacity. 
B.  are made up mostly of fine sand particles. 
C.  don't compact much because of their high sand content. 
D.  both B and C above. 


 
5.  Which of the following is a branch defect that should be addressed when performing tree structural pruning? 


A. branch with a branch bark ridge   
B. codominant leaders 
C. branch with a branch collar 
D. branch that is less than half the diameter of the trunk  


 
6.  The terms "biotic" and "abiotic" refer to: 


A.  plant propagation techniques. 
B.  insects and mites. 
C.  plant diseases. 
D.  seed dormancy. 
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7.  The term "fertilizer grade" refers to: 
A.  the concentrations of N, P, K, and S in the mix. 
B.  the ratio of N, P, K, and S in the mix. 
C.  the quality of the fertilizer. 
D.  the amount of nitrogen in the fertilizer. 


 
8.  The terms "macronutrients" and "primary plant nutrients" mean different things. 


A.  True 
B.  False 


 
9.  The terms "primocane" and "floricane" refer to: 


A.  brambles, such as raspberries and blackberries. 
B.  blueberries. 
C.  saskatoons. 
D.  currants and gooseberries. 


 
10.  Canada thistle is : 


A. an annual weed 
B. a biennial weed 
C. a perennial weed 


 
11.  Biennial plants :   


A.  Sprout, grow, and die in a single season. 
B.  Overwinter one time before usually dying. 


 C.  May overwinter several times. 
 
12.  Potassium is a key element in plant water relations. 


A.  True 
B.  False 


 
13.  When planting a tree, pack the soil tightly into the hole with your feet. 


A.  True 
B.  False 


 
14.  Thatch in a lawn: 


A.  is primarily caused by leaving clippings. 
B.  is aggravated by frequent, short mowing. 
C.  is most serious on friable, well aerated soil. 
D.  is most serious on acidic soils that limit earthworm activity. 


 
15.  When fertilizing a lawn: 


A.  it's best to use a drop spreader. 
B.  it's best to use a rotary or broadcast spreader. 
C.  don't water for several days after fertilizing to prevent burning. 
D.  you can apply up to 4 pounds of actual N per 1000 ft2 at one time. 


 
16.  Cultivating with a rototiller may increase weed problems. 


A.  True 
B.  False 


 
17.  Water from a softener system that uses sodium (Na) is excellent for irrigating plants. 


A.  True 
B.  False 
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18.  When planting a tree that was container-grown: 
 A.  stand on the backfill to settle the soil   
 B.  dig the hole at least 6 inches deeper than the root ball 
 C.  shave-off the outer 1-2 inch periphery of the root ball 
 D.  remove the lower branches to allow at least 6 feet of clearance  
 
19.  What is an essential element? 


A.  elements that humans need and that are provided by plants. 
B.  all elements that plants take up. 
C.  deficient elements that must be supplied by fertilization. 
D.  elements that plants need for normal growth and development. 


 
20.  Compartmentalization is an important concept in: 


A.  greenhouse construction. 
B.  pruning. 
C.  landscape design. 
D.  display selling. 


 
21.  Forsythia, hydrangea, and dogwood are useful indicator plants to detect: 


A.  high soil pH. 
B.  low soil pH. 
C.  iron deficiency. 
D.  water stress. 


 
22.  Green ash and hackberry would be good trees for both a droughty, high pH site and a shady site with heavy, 


poorly-drained soil. 
A.  True 
B.  False 


 
23.  "Spur pruning" and "cane pruning" are techniques commonly used for: 


A.  grapes. 
B.  currants and gooseberries. 
C.  apples. 
D.  peaches. 
 


24.  Fruit trees are pruned to: 
A.  rejuvenate old trees. 
B.  maintain flower bud formation and fruit set. 
C.  both A and B. 
D.  neither A nor B. 


 
25.  Alternate hosts are typically involved in: 


A.  stem cankers. 
B.  rust diseases. 
C.  virus diseases. 
D.  yellows diseases. 


 
26.  Thinning cuts are used on shrubs to: 


A.  maintain apical dominance. 
B.  encourage lateral branch development. 
C.  form dense, uniform canopies. 
D.  encourage new cane development. 
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27.  Twisted leaves are typically caused by: 
A.  gall mites. 
B.  aphids. 
C.  bacterial diseases. 
D.  both B and C. 


 
28.  A tree is planted at the correct depth when: 


A.  the root flair is visible at ground level 
B.  the graft union is 1” below ground level 
C.  top 1-2” of the root ball are above ground level 
D.  none of the above  


 
29.  Hybrid plants are always propagated asexually to keep them true to type. 


A.  True 
B.  False 


 
30.  Soil nutrients are lost through: 


A.  erosion. 
B.  plant uptake. 
C.  leaching. 
D.  all of the above. 


 
31.  Herbaceous perennials are usually divided: 


A.  only when dormant in the fall. 
B.  immediately after flowering in the early spring. 
C.  before flowering in the early spring. 
D.  the timing depends upon the type of plant. 


 
32.  Pore spaces are important because they: 


A.  provide aeration. 
B.  provide water drainage. 
C.  allow root penetration. 
D.  all of the above. 


 
33.  Sandy soils are characterized by: 


A.  high nutrient-holding capacity. 
B.  low water-holding capacity. 
C.  both A and B. 
D.  neither A nor B. 


 
34.  Terms such as "loam", "silty-clay loam" and "sand-silt loam" refer to: 


A.  both soil structure and soil texture. 
B.  soil structure only. 
C.  soil texture only. 
D.  none of the above. 


 
35.  When used as side dressings in vegetable gardens fertilizers should be: 


A.  applied immediately after planting. 
B.  applied after the plants are established. 
C.  organic only to avoid burning the vegetable plants. 
D.  both B and C. 
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36.  The root ball of a houseplant that has become very dry can safely be left soaking in water: 
A.  for only 15 or 20 minutes. 
B.  no more than 8 hours to prevent drowning the roots. 
C.  for about 24 hours to allow all of the roots to fully hydrate. 
D.  only if the plant is a succulent, like jade plant. 


 
37.  Strawberries can be propagated both by divisions and stolons. 


A.  True 
B.  False 


 
38.  Irrigation can be used to: 


A.  leach out excess salts. 
B.  apply pesticides. 
C.  seal the soil surface when fumigating. 
D.  all of the above. 


 
39.  Displaying garden books next to a table of houseplants is an example of: 


A.  tie-in sales. 
B.  display selling. 
C.  education and information. 
D.  all of the above. 


 
40.  Salts can build up on the soil surface when: 


A.  water carrying dissolved nutrients evaporates from the surface. 
B.  insoluble fertilizers wash out of the soil. 
C.  both A and B. 
D.  None of the above. 


 
41.  Mulches work by: 


A.  smothering weeds by excluding oxygen. 
B.  crushing down developing weed seedlings. 
C.  excluding light from weed seeds. 
D.  all of the above. 


 
42.  A customer came into your nursery to purchase a hose, but also bought a hose-end fertilizer applicator that was 


in the same display.  The applicator was a: 
A.  tie-in sale. 
B.  impulse purchase. 
C.  both A and B. 
D.  neither A nor B. 


 
43.  Soil compaction can cause: 


A.  physical damage to roots. 
B.  reduced water infiltration. 
C.  root suffocation. 
D.  all of the above. 


 
44.  Soil texture can easily be changed by adding lots of compost and manure. 


A.  True 
B.  False 
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45.  Seed dormancy can be caused by: 
A.  a hard, impervious seed coat. 
B.  infertile soil. 
C.  seed pathogens. 
D.  all of the above. 


 
46.  Leaf spots can be caused by: 


A.  fungi. 
B.  bacteria. 
C.  insects. 
D.  all of the above. 


 
47.  All plants can be propagated from cuttings. 


A.  True 
B.  False 


 
48.  Cation exchange capacity is determined by the electrical charges on: 


A.  sand particles. 
B.  silt particles. 
C.  clay particles. 
D.  all of the above. 


 
49.  Western red cedar bark or sawdust can safely be used as mulches. 


A.  True 
B.  False 


 
50.  A good compost will have a carbon to nitrogen ratio (C:N) of about 12:1. 


A.  True 
B.  False 


 
51.  Containerized and container grown plants are the same thing. 


A.  True 
B.  False 


 
52.  Cool season crops: 


A.  include eggplant and celery. 
B.  only include broccoli and cabbage. 
C.  are very versatile and do well in both cool and hot weather. 
D.  none of the above. 


 
53.  Patios and decks in a landscape are examples of: 


A.  service areas. 
B.  public areas. 
C.  private areas. 
D.  both A and C. 


 
54.  Occasional slow, deep waterings are best for newly-planted trees. 


A.  True 
B.  False 
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55. "Dead spots" in a retail nursery can be caused by: 
A.  closed ended aisles. 
B.  narrow aisles with tall plants on both sides. 
C.  poor traffic flow. 
D.  all of the above. 


 
56.  Most insect parasites are: 


A.  mites. 
B.  lacewings and ladybird beetles. 
C.  sawflies. 
D.  flies and wasps. 


 
57.  Bacillus thuringiensis insecticides: 


A.  are not toxic to mammals or birds. 
B.  are only effective against caterpillars. 
C.  are not subject to resistance buildup by pests. 
D.  all of the above. 


 
58.  Dormant, bare-root strawberry plants: 


A.  can be planted any time during the summer. 
B.  can become very dry without being damaged. 
C.  should be planted as early as the soil can be worked in spring. 
D.  should be containerized for a year before planting in a garden. 


 
Questions 59-62 refer to the following example.  A customer has a 30' X 50' turf area and a tree in an adjoining 
planting bed.  Use a 14-7-4 fertilizer.  Apply 1 pound of actual nitrogen per 1000 square feet of lawn.  The tree is a 
ten-year old oak with a total branch spread of 12 feet.  Apply 3 pounds of actual nitrogen per 1000 square feet of 
branch spread. 
 
59.  How many pounds of actual nitrogen are needed to cover the lawn? 


A.  1 
B.  1.5 
C.  2 
D.  2.5 


 
60.  How many pounds of fertilizer must be applied to the lawn. 


A.  7.1 
B.  10.7 
C.  21.4 
D.  37.5 


 
61.  How many pounds of fertilizer will be applied to the tree? 


A.  2.4 
B.  8.5 
C.  9.6 
D.  19.3 


 
62.  How many pounds of phosphorus (as P2O5) will be applied to the tree. 


A.  0.10 
B.  0.14 
C.  0.17 
D.  0.34 
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63.  Shearing or hedging is a kind of: 
A.  heading cut. 
B.  thinning cut. 
C.  renewal cut. 
D.  compartmentalization cut. 


 
64.  It is legal for a nursery to sell nursery stock that is seriously damaged or mislabeled as long as the customer doesn't 


object. 
A.  True 
B.  False 


 
65.  The Montana Department of Agriculture will inspect nurseries: 


A.  at least once each year. 
B.  at lease every two years. 
C.  as often as the department considers necessary. 
D.  only when phytosanitary certificates are needed. 


 
66.  Scarification and stratification are both used to break seed dormancy. 


A.  True 
B.  False 


 
67.  Cation exchange capacity measures the nutrient-holding capacity of soil. 


A.  True 
B.  False 


 
68.  Budding and grafting are used for fruit trees  


A.  to maintain true-to-name cultivars. 
B.  avoid a non-fruiting juvenile stage. 
C.  create trees with several cultivars of fruit on them. 
D.  all of the above. 


 
69.  The best time(s) for pruning most deciduous trees is: 


A.  Late summer/early fall 
B.  Early spring prior to bud-break 
C.  Early summer following completion of growth.   
D.  both B and C 


 
70.  Leaf bronzing is most usually associated with: 


A.  birch borer. 
B.  aphids. 
C.  leaf miners. 
D.  mites. 


 
71.  Gardeners can use seed saved from previous bean crops and still be reasonably sure of the variety being true-to-


name. 
A.  True 
B.  False 


 
72.  Line, color, texture and form are all concepts in landscape design. 


A.  True 
B.  False 
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73.  Clippings contribute to thatch buildup and should be bagged and removed. 
A.  True 
B.  False 


 
74.  Cultural controls, predators, conventional pesticides, and host resistance are all used in: 


A.  integrated pest management programs. 
B.  natural pest management. 
C.  abiotic pest management. 
D.  biotic pest management. 


 
75.  Insect damage is nearly always easy to distinguish from plant diseases. 


A.  True 
B.  False 


 
76.  A good general rule is to select plants that are at least 1 zone hardier than the site where they'll be planted.  


A.  True 
B.  False 


 
77.  Stoloniferous grasses spread primarily by above-ground stems. 


A.  True 
B.  False 


 
78.  A houseplant that you purchased from a greenhouse a week ago has begun to yellow and a few leaves have 


dropped off.  What is the likely problem? 
A.  root rot. 
B.  chilling injury from a cool house. 
C.  acclimating to new environment. 
D.  underwatering. 


 
79.  Freezing injury is a biotic plant disorder. 


A.  True 
B.  False 


 
80.  Furrow irrigation results in greater water loss than sprinkling. 


A.  True 
B.  False 


 
81.  Aeration is used primarily too: 


A.  reduce thatch buildup. 
B.  help offset compaction. 
C.  both A and B. 
D.  neither A nor B. 


 
82.  What is the main reason people typically stop shopping at a retail nursery? 


A.  lower prices elsewhere. 
B.  discourteous treatment. 
C.  untrained salespeople. 
D.  prefer one-stop shopping at a chain store nursery department. 
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83.  Which of the following is NOT a strategy for creating a drought-resilient landscape design? 
A.  increasing lawn area  
B.  drought-tolerant plants 
C.  drip irrigation 
D.  hydrozones  


 
84.  The main problem with growing blueberries in a home garden is: 


A.  controlling blueberry maggot. 
B.  maintaining bush size and shape. 
C.  preventing mummyberry disease. 
D.  adjusting the soil acidity. 


 
85.  The most widely planted grasses for Idaho and Montana lawns are: 


A.  Kentucky bluegrasses 
B.  Canada bluegrasses 
C.  fescues 
D.  perennial ryegrass. 


 
86.  Which of the following is NOT a practice prohibited by Montana nursery law? 
 A.  misrepresenting the variety of nursery stock  
 B.  selling plants declared to be noxious weeds  
 C.  falsely representing the state where nursery stock was grown 
 D.  unknowingly selling infested nursery stock  
 
87.  Blends of different kinds of turfgrass seed are used primarily to: 


A.  reduce costs, compared to using only expensive bluegrass seed. 
B.  improve adaptation to soil conditions. 
C.  improve pest resistance. 
D.  both B and C. 


 
88.  Sudden pest outbreaks are often caused by: 


A.  pests moving into yards from adjoining woodlots. 
B.  drought-stress in plants. 
C.  improper pesticide use destroying natural enemies. 
D.  pests developing resistance to pesticides. 


 
89.  A plant exhibiting twisted, stunted leaves with bright chlorotic splotches is most likely infected with: 


A.  viruses. 
B.  bacteria. 
C.  fungi. 
D.  nematodes. 


 
90.  The plant parts which are primarily responsible for water uptake are: 


A.  root hairs 
B.  tap roots. 
C.  fibrous roots. 
D.  lateral roots. 


 
91.  When planting fruit trees, you should generally: 


A.  add lots of compost or peat moss to the planting hole. 
B.  add a starter fertilizer to the planting hole. 
C.  add little or no amendments to the planting hole. 
D.  both A and B. 
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92.  Bedding plants on display shouldn't be fertilized in order to keep them compact. 
A.  True 
B.  False 


 
93.  To properly display hardy, sun-loving perennials in the early spring: 


A.  keep them in a cool, sunny location outdoors. 
B.  keep them in a cool, shady location outdoors. 
C.  keep them in a warm, sunny location outdoors. 
D.  keep them inside a greenhouse to force foliage and blooms. 


 
94.  The best method for pruning an overgrowth lilac shrub is: 


A. cleaning 
B. candle pruning 
C. renewal pruning 
D. pollarding 


 
95.  Transpiration refers to the loss of water from leaves. 


A.  True 
B.  False 


 
96.  The best pest and disease control program is to: 


A.  eradicate the pests before planting. 
B.  select resistant plant varieties. 
C.  scout for problems frequently and take action promptly. 
D.  follow pesticide label directions closely. 


 
97.  Fairy rings in a lawn: 


A.  are caused by viruses. 
B.  are easily controlled using fungicides. 
C.  are always associated with tree root diseases. 
D.  can be masked using water injections and aeration. 


 
98.  Berries shouldn't be planted on a site used to grow potatoes or tomatoes because of the potential for   
 A.  root knot nematodes. 


B.  phytophthora root rot. 
C.  fusarium wilt. 
D.  verticillium wilt. 


 
99.  Garden vegetable diseases are best controlled by: 


A.  crop rotation. 
B.  fungicides and other chemical controls. 
C.  planting resistant varieties. 
D.  controlling insects and other disease vectors. 


 
100.  Healthy, vigorous plants are less susceptible to pests and diseases than stressed plants. 


A.  True 
B.  False 
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 Answer Key to Sample Certification Exam 
 
1. C 


2. D 


3. C 


4. A 


5. B 


6. C 


7. A 


8. A 


9. A 


10. C 


11. B 


12. A 


13. B 


14. D 


15. B 


16. A 


17. B 


18. C 


19. D 


20. B 


21. D 


22. A 


23. A 


24. C 


25. B 


26. D 


27. C 


28. A 


29. A 


30. D 


31. D 


32. D 


33. B 


34. C 


35. B 


36. A 


37. A 


38. D 


39. D 


40. A 


41. C 


42. C 


43. D 


44. B 


45. A 


46. D 


47. B 


48. C 


49. A 


50. A 


51. B 


52. D 


53. C 


54. A 


55. D 


56. D 


57. A 


58. C 


59. B 


60. B 


61. A 


62. C 


63. A 


64. B 


65. C 


66. A 


67. A 


68. D 


69. D 


70. D 


71. A 


72. A 


73. B 


74. A 


75. B 


76. A 


77. A 


78. C 


79. B 


80. A 


81. C 


82. B 


83. A 


84. D 


85. A 


86. D 


87. D 


88. C 


89. A 


90. A 


91. C 


92. B 


93. A 


94. C 


95. A 


96. B 


97. D 


98. D 


99. C 


100. A
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 PLANT DISEASES and DISORDERS 
 Adapted from the Minnesota Nursery and Landscape Association 
 Manual for Certified Nursery and Landscape Professionals 


Original Author:  Cynthia L. Ash 
Revised by the Montana Nursery and Landscape Association 2002 


Helen Atthowe, Nick Engler, Alice Janke, Mary Keck 
 
 


Insects, animals, infectious organisms (biotic), and non-infectious (abiotic) factors can all cause injury to plants.  
Healthy plants are usually less susceptible to insects, diseases, and abiotic problems than are plants weakened from 
stress. 
 


Preventive steps, such as monitoring for insects and infectious diseases, and applying cultural, biological, and 
chemical controls as needed, is referred to as Integrated Pest Management (IPM).  Implementation of an IPM program in 
the nursery or landscape requires a good working knowledge of the plants, the environment, and all agents that could 
cause plant injury. See Chapter 6 for more on IPM. 
 


Correct identification of the causal agent is the first and most important step in solving a plant problem.  Use all 
available resources, including books, extension publications and services, and university clinics. After determining the 
cause, evaluate the severity and extent of the problem before deciding what action to take.  There may be more than one 
way to correct the problem.  Chemicals can be used as part of an IPM system, but may not always be the most desirable 
or effective solution. Often insect and disease problems follow as a result of an abiotic problem. The term abiotic simply 
means caused by a non-living factor such as mechanical injury or cold temperatures.  


 
 


Abiotic Plant Problems 
 


Many abiotic factors cause plant problems. More often than not plant disorders are caused by abiotic factors.  
Diagnosing abiotic problems can be simple or difficult.  A complete plant and site history is required in some cases. 
Sometimes the only way to identify a problem as abiotic is to rule out all possible infectious diseases and insect 
problems.  The more information you obtain, coupled with a thorough on-site investigation, the better your diagnosis 
will be. 
 


Proper culture and maintenance of plants in nurseries and landscapes will prevent most abiotic plant damage.  
An abiotic event, such as drought, may stress a plant and make it susceptible to secondary insect and disease organisms. 
 
 


Common Abiotic Problems 
 
Transplant shock 
 


Nursery professionals often prune roots of trees to be used as bare root transplants or containerized trees. These 
trees must reestablish an adequate root system in the new location before the plant can resume normal growth. During 
this period, stress symptoms are normal. Symptoms include: overall stunting of leaves and shoot growth, wilt, scorch and 
winterkilled twigs or buds. As a rule of thumb, the transplant shock period lasts one year for each inch of stem caliper. 
 


To minimize transplant shock, use correct planting techniques, provide adequate water and don’t fertilize for the 
first year or two. Transplanting established trees with wide spreading root systems will cause significant transplant shock 
due to the substantial loss of roots. 
 
Deep planting 
 


Tree death can occur when trees are planted too deeply. If the root collar of the newly planted tree is several 
inches below the landscape grade, the tree has been planted too deeply.  Planting trees too deep can potentially result in a 
number of problems, the most common being the development of girdling roots.  Deeply planted trees often decline 
slowly over a period of 5 to 10 years and may eventually die. 
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Girdling roots 
 


Girdling roots grow in a circular pattern around the trunk resulting in root death and loss of anchorage in a tree. 
Not all girdling roots are problematic. Only those that occur at the root collar or above are considered most damaging. 
Certain trees are prone to problematic girdling roots, such as maple, poplar and linden.  
 


Pot-bound plants often develop girdling roots if the roots are not pruned at planting time. Girdling roots can also 
develop from poor planting techniques, such as twirling the bare-root system into a small planting hole or planting too 
deep. Symptoms include leaning, early leaf drop, twig dieback, thin canopy and no stem taper at the ground level. 
 
Root Disturbance 
 


One of the most common yet least recognized causes of tree problems is root disturbance often associated with 
construction activity. Even shallow cultivation in the root zone of trees can damage roots growing near the surface.  
Compaction from heavy equipment or storing building materials under the drip line of a tree can cause root death. Rope 
off the areas under trees to prevent compaction. 
 


Piling only a few inches of soil under the drip line of established tees to change the grade or build up a berm can 
suffocate the roots resulting in tree death. If the grade must be changed near an established tree construct a terrace as far 
out from the trunk as possible to maintain the original grade around the tree. 
 
Drought 
 


Individual plants vary widely in their resistance to drought. However, in years of low rainfall many species can 
be substantially weakened or killed by drought. Deciduous trees appear to die form the top down, have small pale leaves 
and narrow growth rings. Conifers generally die from the bottom up when subjected to drought. Secondary problems 
from insect and disease are likely to follow when a tree is drought stressed. 
 
Leaf scorch 
 


When weather conditions turn suddenly hot and dry, leaf scorch may occur. Affected plants generally have 
yellow or brown leaf edges. The affected leaves may remain on the plant or they may drop early. Watering during hot, 
dry weather may prevent or alleviate this problem. 
 
Excessive watering 
 


Many plants die or are severely stressed by excessive watering. Automatic sprinkler systems can be problematic 
if they are not adjusted for weather fluctuations.  Pore spaces in soil should ideally be filled half with water and half with 
oxygen. Water logged soils have no room for oxygen and plant roots suffocate and die. Plants typically have yellow 
leaves and can appear limp or wilted. Plants growing on clay soils are much more susceptible to damage from over 
watering. Excessive watering prevents plants from properly hardening off for winter. 
 
Fall freeze damage 
 


Plants still growing actively in the fall may be damaged by unseasonable cold periods. This damage occurs 
before the plant has moved into dormancy, indicated by fall color change and normal leaf drop. Frozen leaves often hang 
on the tree until spring. Damage may range from a little twig damage to death the entire plant.  Planting trees and shrubs 
adapted to the climate is very important. Also allowing trees to grow at a slower rate by not pushing them with fertilizer 
and excessive watering can minimize fall freeze damage. 
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Winter freeze damage 
 


By mid-January, most northern trees have experienced enough cold weather to meet dormancy requirements. 
After this, plants can begin to grow again when conditions are favorable. Winter thaw periods may occur where daytime 
temperatures exceed 60 degrees for several days at a time. Trees may begin to grow as though it were spring, only to 
experience winter damage when temperatures drop again. In such cases, only the main trunk and scaffold branches may 
be viable in the spring.  Planting species adapted to the local climate can lessen chances of winter freeze damage. 
Marginally hardy plants should be planted in protected locations on the leeward side of buildings or a shelterbelt. 
 
Winter desiccation 
 


Winter desiccation is a condition that is most common with evergreens. Winter sun and wind cause water loss 
from needles, while roots are in frozen soil and unable to replace this water. The usual symptom is browning or purpling 
of needles on the windward or southwest side of the plant. Such symptoms may be more severe on newly transplanted 
plants that have not yet established a good root system. Late fall and winter watering can minimize winter desiccation. 
Anti-desiccant sprays can be effective if applied in late fall and again in late winter. Burlap screens are used to break the 
wind and shade specimen plants. 
 
Sunscald 
 


Bark on the southwest side of tree trunks may be killed by sunscald, which occurs when bark warms in the 
afternoon sun on clear, cold days, then rapidly refreezes when temperatures drop at sunset. Damage from sunscald can 
result in fungal infections such as cankers and predispose the tree to frost cracks.  Damage is most common on dark 
colored, smooth-barked trees such as mountain ash, apple and maple. Paper, cardboard or plastic tree wraps can help 
prevent sunscald on young trees by keeping the bark cool. White latex paint is also effective as it reflects the sunlight. 
Wrap the trunk up to the first branches in November and remove in April. A similar disorder known as sunburn can also 
occur on the trunks of young trees in solar intense situations such as in a rock-mulched bed on the south side of a 
building, or when mid-summer pruning causes sudden exposure of shade-adapted stems to direct sunlight.    
 
Frost Cracks 
 


Frost cracks are vertical separations in the trunk wood of trees, and are a major point of entry for disease and 
wood-rot organisms.  Frost cracks contract during warm temperatures and are often closed-over by wound wood in 
summer, only to re-expand the following winter.  Research has found the cause of most frost cracks to be underlying 
wounds or branch stubs, which predispose the wood to cracking from internal stresses during freezing temperatures.  
Thus the best prevention of frost cracks is to minimize wounding of the trunk (e.g. mowers, string-trimmers, sunscald, 
etc.) and the proper pruning of branches.   
 
Mechanical damage 
 


The weight of heavy snow or ice can break or crack tree branches and crush shrubs. If temperatures are above 
freezing snow can be gently shaken off branches. Shaking frozen branches may snap them off. Winter damaged trees 
should not be pruned hard. Prune off only torn or badly damaged limbs. Give the tree a year to recover and then prune 
sparingly as needed. Hard-pruned trees often don’t make it, while those not pruned will. 


 
Possibly the most common cause of mechanical damage to plants is from string-trimmers.  Trimmer damage 


can be prevented using weed-free mulch rings, trunk guards and through proper training of operators.   
 


Additional abiotic factors that cause damage to plants are listed in Table 7-1. Many are discussed in other 
chapters in this manual. 
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Table 7-1.  Common abiotic factors causing plant problems. 
___________________________________________________________________________________ 
 


Lawn mower injury    Construction damage 
Frost/freezing injury    Hail damage 
Drought or excessive soil moisture  Air pollution 
Wind damage     High/low temperatures 
Improper site     Root girding/constriction 
Improper maintenance    Improper soil type 
Improper pruning    Improper fertilization 
Cultivating too close    Improper pesticide application 
String trimmer injury    Improper soil pH 
Soil compaction    


___________________________________________________________________________________ 
 
 


Biotic Plant Problems 
 


Fungi and bacteria cause most infectious plant diseases.  However, viruses, nematodes, and phytoplasma also 
cause diseases.  Some disease organisms are very virulent and can attack and invade healthy plants.  Other pathogens 
invade only stressed plants, and still others invade only dead plants. In order for a biotic plant disease to occur the host 
plant must be susceptible, the pathogen must be present and the conditions must be favorable for infection. Specific 
pathogens vary in their ability to infect different plant species. Proper diagnosis of causal agents can be very difficult. 
 


To start a diagnosis, first gather history on the plant and the site. Information such as age of the plant, watering 
schedule, recent fertilizer or pesticide applications can all be helpful. Next, check the plant for symptoms of dieback, 
cankers, decreased growth for the past several years, sap oozing, insect activity, and fungal reproductive structures.  
These symptoms may be readily apparent or they can be so small that a hand lens is needed to see them.  Compare the 
samples with other plants in the same area.  Knives, pruners, saws, increment borers, soil probes, and razor blades are 
standard tools in diagnosing plant problems. 
 


After examining the sample, consult several references.  Check to see which diseases, insects and abiotic 
problems are common on the affected species and review their symptoms.  Be cautious and review all possibilities. 
 


Positive identification of many diseases requires culturing of microorganisms or other diagnostic tests.  Fresh 
samples can be submitted to a state or university lab for this purpose.  Before submitting samples to a lab, contact the lab 
to determine how and what to sample, as well as how to package the specimens.  Rapid diagnostic kits for use on site 
have been developed for certain organisms and may be cost effective in some situations. 
   
 
________________________________________________________________________________________________ 
 


 Review 
 
A. What is an abiotic disorder?  Give several examples. ___________________________________________________ 
 


_________________________________________________________________________________________ 
 
B. What is a biotic disease?  Give several examples. ______________________________________________________ 
 


_________________________________________________________________________________________ 
 
C. Why are biotic diseases infectious, while abiotic disorders are not?  ________________________________________ 
 
D. How can an abiotic stress lead to a disease problem?  ___________________________________________________ 
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E. Name the five types of pathogens responsible for plant diseases.  1. ___________________ 
 


2. ___________________ 3. ___________________ 4. ___________________ 5. ___________________ 
 
F. Which pathogens cause most plant diseases?  __________________________________________________________ 
 
G. What is sunscald and how can it be prevented? ________________________________________________________ 
 
H. What effect does watering have on winter hardiness? ___________________________________________________ 
 
 


 
 


Disease Groups 
 


When discussing infectious diseases it's easiest to group them according to their symptoms.  This is also an 
excellent way to categorize disease symptoms in the field.  A few diseases, however, such as rust and powdery mildew, 
just don't fall into well-defined categories. 
 
Leaf Spots 
 


Most leaf spots are caused by fungi or occasionally by bacteria and viruses.  Leaf spots are localized infections, 
occurring mainly on leafy tissue.  Free moisture is necessary for most fungi to develop. The best control is to avoid 
conditions that encourage extended periods of leaf wetness, such as watering at night. 
 


 Infected areas may have irregular blotches of dead tissue or somewhat circular spots.  Spots caused by fungi 
tend to be circular, while those caused by bacteria are often angular.  Circular fungal spots may vary in size but often 
have a light colored center with a darker margin.  There are exceptions.  A few fungi produce completely black fibrous 
or tar like spots.  Fungi commonly produce tiny dark or brightly colored fruiting structures in the center of mature lesions 
during wet periods.  A hand lens is needed to check for these fungi.  Note carefully if leaf spots occur only between leaf 
veins or if veins are involved. 


 
Occasional outbreaks of leaf spot diseases are usually not seriously damaging to healthy trees and shrubs, and 


chemical controls are usually not recommended.  Recurring or severe outbreaks can, however, seriously weaken woody 
plants.   
 
Rusts 
 


Rusts are caused by fungi that may have several spore stages and complete their life cycles on more than one 
host.  The most commonly observed spores (urediospores) appear in orange to rust-colored pustules that break through 
the surface of leaf and stem tissues.  Spores are released when the pustules break open.  A rusty color on the leaf tissue 
doesn't necessarily indicate a rust infection.  Examples of rust diseases are ash rust, rose rust and potentilla rust. 
 


If alternate hosts are involved, one host will produce the orange urediospores, the other host will produce 
aeciospores.  Aeciospores are orange in color but are encased in a white structure that is most visible on the undersurface 
of infected leaves, on needles, or on the main stem of trees.  Pine needle rust, white pine blister rust, and cedar-apple rust 
are common examples of fungi with alternate hosts. 
 


Where alternate hosts are involved, removal of the alternate host in the vicinity of the desired plant will stop the 
disease cycle.  Avoid wilting the foliage to limit the germination of rust spores.  Fungicides are available for several 
crops and are generally applied to prevent, not cure, rust diseases.  
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Cankers 
 


Cankers are localized dead areas on woody plant tissues. Fungi and a few bacteria cause most cankers. Non-
infectious agents can also cause cankers.  Hail, sunscald, heat, and lawn mower damage can all cause abiotic cankers. 
 


Cankers appear as either lighter or darker than normal, sunken areas on trunks, or branches.  Their margins may 
have callous formation and a breaking or tearing of the bark as it dries out.  Bark on the face of the canker may produce 
reproductive structures characteristic of the causal organism.  Eventually, the bark cracks and is sloughed off. 
 


There are different types of cankers: some of the fungi involved attack healthy trees; others attack only those 
under considerable stress.  Prevention is the key to control.  Keep plants healthy, avoid mechanical damage, and 
promptly remove all cankered areas to prevent spread into the main trunk of the tree.  Disinfect pruning shears between 
each cut and prune at least 6-8 inches below any sign of infection.  Conduct annual dormant pruning only in late 
winter/early spring and avoid leaving branch stubs or making flush cuts when pruning (See Chapter 17 on Pruning). 
 
Root Rots 
 


Root rots are difficult to diagnose without digging up at least a portion of the root system.  The deterioration of 
the root system due to disease organisms will show up with symptoms similar to abiotic causes of root damage, such as 
top dieback, increased seed production, small leaves, and chlorotic or dying foliage.  The infected roots may appear to 
have a wet, slimy rot, or a dry rot.  Laboratory examination and culture work are often necessary to identify a specific 
pathogen.  Fungicides are registered for use on nursery crops for several root pathogens.  In the landscape, the normal 
course is to increase the vigor of the plant so that it may wall off the infection.  Otherwise removal and replacement with 
a resistant species is recommended. 
 
Wood Decay 
 


Wood decay can be caused by many different fungi and often goes unnoticed until strong winds break down a 
limb or homeowners become concerned about carpenter ants "invading" their tree (carpenter ants will nest in decaying 
wood, never healthy wood).  Wood decay fungi enter through wounds (even those covered with wound dressings) and 
begin to decay portions of the wood.  Healthy trees will respond by walling off (compartmentalizing) the decay and 
containing it within a small pocket in the tree.  Decay can spread outside these pockets or barriers in weakened stressed 
trees, or in trees that are repeatedly wounded.  Extensive decay will result in a weakened tree subject to wind damage.  
Evidence of wood decay in an otherwise healthy appearing tree takes the form of fleshy or hard fungal reproductive 
structures (conks), which are actually a form of mushroom. 
 


Prevent or minimize decay problems by maintaining healthy plants and avoiding mechanical damage.  Proper 
pruning will also minimize decay.  No chemical controls are recommended. Filling cavities with concrete or other 
material will cause more problems and is not recommended. 
 
Wilt Diseases 
 


Fungi that enter the vascular (water conducting) system of a plant cause the common wilt diseases of trees and 
shrubs. Once in the vascular system, they begin to multiply and may physically block water flow in the plant. The host 
plant may form gums and saps in an attempt to stop the infection and these can further restrict water flow.  In some 
cases, the fungi form toxins.  These reactions within the plant result in a discoloration of the vascular tissues that can 
often be seen by peeling back the bark and examining the vascular (xylem) tissues.  The presence of streaking will 
usually rule out abiotic problems such as lack of water or high temperatures. 
 


Wilt pathogens can enter plants through roots and openings in stems and branches.  It is important to know the 
basic life cycle of the disease that is suspected since the streaking will first occur at the point where the fungi enters the 
plant.  If insects carry the disease, find out where the insect feeds.  In the case of Dutch elm disease the insects feed in 
the upper canopy of the tree.  Therefore, the initial wilting and vascular streaking will be in the top of the tree. 
 


If the suspected disease organism is commonly found in the soil, the disease will enter through the root system.  
Initial foliar symptoms will be similar to those that occur when the fungi enters the tree above ground - wilting followed 
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by yellowing of branches in the upper canopy.  However, since the disease enters through the root, the vascular streaking 
will occur first in the roots and spread towards the trunk of the tree.  Verticillium wilt is an example of a wilt disease that 
enters through the root system and persists in the soil. 
 


Some wilts quickly kill their hosts; others persist in the host for years causing branch dieback.  Chemicals are 
sometimes used to protect the tree for a given period of time.  An example is the injection of chemicals to protect elm 
trees from Dutch elm disease.  However, for most vascular infections, the tree or shrub must be replaced.  When the wilt 
organism is present and persistent in the soil, a tree species resistant to the disease must be planted. 
 
Yellows 
 


Organisms called phytoplasma cause diseases known as ‘yellows’.  Phytoplasmas, which can infect a wide 
range of plant species, are spread by insects, usually leaf hoppers, and enter the phloem (conducting cells) during insect 
feeding.  The presence of phytoplasma are usually detected using molecular laboratory techniques.   
 


Aster yellows can be found on many hosts including flowers, vegetables and weeds.  Yellows diseases are 
systemic and usually result in the death of the plant.  There are no chemical cures. Use plant varieties that are resistant to 
yellows when they are available. 
 
Virus Diseases 
 


Viruses cause symptoms that change plant growth or coloration, which may or may not be readily noticeable.  
Common symptoms include stunting, mottling, mosaic patterns, reduced flowering, change in leaf size or shape, and 
chlorosis.  In roses, winter hardiness may be reduced. In some cases viruses may result in the death of the plant. 
 


Infection by viruses is systemic.  Viruses are spread by grafting, handling, insects and fungi, and occasionally 
by seed.  Plant virus diseases can't be cured and infected plants must be destroyed. 
 
Miscellaneous Diseases 
 


Other diseases can occur on a variety of plants, but don't fit into the above groups.  They include blights, scabs, 
powdery mildew, storage rots, smuts, and galls.  Powdery mildew is probably the most common.  Several mildew fungi 
grow over the surface of the plant tissues. The fungal growth appears white to gray in color and may have tiny black dot-
like reproductive structures in it. Powdery mildew fungi seldom cause serious damage but they do stress the plant and 
may limit photosynthesis.  Plants susceptible to powdery mildew should be placed and pruned properly to allow 
maximum air circulation and sunlight penetration.  Fungicides are available for some plants but their effectiveness is 
temporary. Repeated spraying with a baking soda mixture can be effective, as well as pruning off infected leaves. Clean 
up leaves in the fall to reduce infection the following year.  
 


Table 7-2 lists several cultural practices useful in preventing and controlling plant diseases.  These suggestions 
can be followed in most disease situations.  They should also be followed to prevent the initial occurrence of plant 
disease.
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Table 7-2.  Cultural practices for controlling plant diseases. 
_______________________________________________________________________________________ 
 
Site Selection 


Avoid planting in dense, shady locations. 


Plant in well-drained soils. 


Ensure good air circulation around plants and avoid excessively humid conditions. 


Avoid planting new plants in infected soil. 


Plant Selection 


Use only plant materials that are well adapted to your climate and location. 


Choose disease- and pest-resistant plants. 


Use only disease-free plants, seeds, bulbs, tubers, and corms. 


Planting 


When diseases have been a problem, plant new clean plants in a different area. 


Rotate annual plants to different locations each year. 


Avoid crowding plants. 


Use sterilized potting soil. 


Avoid injury to tubers, corms, and bulbs when digging and handling. 


Routine Care 


Mulch to minimize soil moisture loss. 


Water early in the day to ensure that foliage dries quickly. 


Avoid wetting foliage when watering. 


Remove old leaves in the fall and destroy them. 


Control weeds, which can serve as alternate hosts to plant pathogens. 


Control insects that can carry plant diseases. 


Treating Diseases 


Chemical control is not necessary or practical for some disease problems. 


Some diseases have no chemicals currently labeled for their control. 


Only use pesticides that are registered for a particular crop and situation. 


Always follow label directions. 


Whenever practical, remove and destroy infected plants. 


If only part of a plant is affected, prune off and destroy infected parts.  


Don't put diseased plant materials in the compost pile. 


When diseases (particularly rusts) are a problem, remove alternate hosts, where practical. 


Don't always use the same fungicide; alternate with another appropriate fungicide. 
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Summary 
 


Plant disorders and diseases, whether abiotic or biotic, can be destructive.  Be familiar with the way healthy 
plants look in the nursery and landscape.  Proper placement and maintenance are of the utmost importance.  Anticipate 
common problems and implement preventive solutions.  An IPM approach is the best way to deal with most situations.  
 


The use of fungicides can be a valuable tool. They are best used for temporary control and should only be used 
when other methods are not available.  Pesticides are not a substitute for good management.  To quote an old adage, "an 
ounce of prevention is worth a pound of cure." 


 
____________________________________________________________________________________________ 
 References 
 
Diagnosing problems of ornamental landscaping plants.  C. Peterson et al.  1987.  Michigan State University Cooperative 
Extension Service, East Lansing, MI. 
 
Disease control in woody ornamentals in the nursery.  C. Powell.  1985.  Ohio State University Extension Bulletin 517.  
Ohio State University Press.  Columbus, Ohio. 
 
Disease control for home landscape ornamentals.  AG-FO-3495.  C. Ash. 1988.  University of Minnesota Extension 
Service, University of Minnesota, St. Paul, MN. 
 
Diseases of forest and shade trees of the United States.  Agriculture Handbook #386.  Hepting, G.H.  1971.  USDA 
Forest Service, Washington D.C. 
 
Diseases of woody ornamental plants and their control in nurseries.  R. Jones and R. Lambe.  1982.  North Carolina State 
University Agricultural Extension Service, Raleigh, NC. 
 
Diseases of trees in the great plains.  General Technical Report RM-129.  Riffle, J.W., and G.W. Peterson.  1986.  USDA 
Forest Service Rocky Mountain Forest and Range Experiment Station, Fort Collins, CO. 
 
Diseases and pests of ornamental plants.  P. Pirone.  1978.  John Wiley and Sons.  NY. 
 
Diseases of trees and shrubs.  W. Sinclair, H. Lyon, and W. Johnson.  1987.  Cornell Univ. Press.  Ithaca, NY. 
 
Index of plant diseases in the United States.  Agriculture Handbook No. 165.  1960.  United States Department of 
Agriculture.  Washington D.C.   
 
IPM Certified Plant Professional Manual.  H. Atthowe.  2002.  Missoula County Extension Service.  Missoula, MT. 
 
Pests of landscape trees and shrubs. An integrated pest management guide. 1994. ANR Publications, University of 
California. Oakland, CA. 
 
Tree disease concepts.  P. Manion.  1981.  Prentice-Hall, NJ. 
 
Westcott's plant disease handbook 5th ed.  C. Westcott and K. Horst.  1990.  Van Nostrand Reinhold Co.  NY. 
 
 
____________________________________________________________________________________________







 


 
7-10 


 Chapter Review 
 
A. What does plant health have to do with pest and disease resistance?  __________________________________ 
 


_________________________________________________________________________________________ 
 
B. Name and briefly describe at least four disease groups, based upon symptoms. 
 


1. _______________________________________________________________________________________ 
 


2. _______________________________________________________________________________________ 
 


3. _______________________________________________________________________________________ 
 


4. _______________________________________________________________________________________ 
 
C. Which pathogen is normally responsible for wilt diseases?  What causes the wilting? 
 


_________________________________________________________________________________________ 
 


_________________________________________________________________________________________ 
 
D. What does most fungi need to develop?  ______________________________ 
 
E. Explain how alternate hosts are involved in rust diseases.  ___________________________________________ 
 


_________________________________________________________________________________________ 
 
F. Which is the best way to prevent leaf spot diseases?  _______________________________________________ 
 
G.          Which pathogens are responsible for leaf spots?  __________________________________________________ 
 
H. What are cankers?  Briefly describe what one looks like.  ___________________________________________ 
 


_________________________________________________________________________________________ 
 
I. What precaution can you take when pruning to prevent spreading disease-causing organisms?  Describe how 


you would do this. 
 


_________________________________________________________________________________________ 
 
 
J. Describe the symptoms of powdery mildew.  What can you do to prevent this disease? 
 


_________________________________________________________________________________________ 
 


_________________________________________________________________________________________ 
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With today's focus on environmental concerns, plant professionals must understand fertilizer materials, their proper uses, 
and their effects on plant growth and the environment. Although an individual home site or landscape makes only a 
small contribution to the general water pollution problem, the cumulative effects of all residences and public landscapes 
are greater than those of agricultural production. Potential environmental problems are increased in urban areas because 
runoff and drainage water often move over hard surfaces and through storm sewers without being filtered through the 
soil. Nitrogen and Phosphorus are both implicated in environmental impacts to fisheries in both marine and freshwater 
aquatic ecosystems. 


  


What Are Essential Plant Nutrients? 


 


There are 17 elements that plants require for survival, growth, and normal development. These elements are often 
referred to as essential elements or nutrients. See Table 3-1. 


Plants obtain three essential elements through air and water. They are carbon, oxygen and hydrogen. These three 
elements combine to form the basic building blocks of living cells, and are found in greater abundance than all other 
elements combined in plant tissues. Carbon is obtained by plants from the air in the form of carbon dioxide gas. Oxygen 
and hydrogen are supplied by water. Through the process of photosynthesis, these three elements are combined to form 
sugars, which are then used to form cellulose, starch, and virtually all other structural components of plant cells. 


In addition to the three elements that plants obtain through air and water, 14 nutrients are provided by soil, fertilizers, 
and dissolved salts or electrolytes in irrigation water. These nutrients are shown in Table 3-1. Six of the 13 elements are 
listed as "macronutrients" and seven as "micronutrients". Carbon, hydrogen, and oxygen can also be considered 
macronutrients. The terms macro- and micronutrients simply refer to the relative concentration of the nutrients in plant 
tissues. Macronutrients are found in relatively large amounts in cells, with their concentrations generally given as 
percentages of total tissue weight. For example, most plant tissues contain about 1.5 to 3% nitrogen, by weight. 
Macronutrients are typically taken up by plants and removed with plant harvest or pruning in such quantities that the 
amount present in soils may need active and ongoing management. 


Micronutrients (often referred to as trace elements) are just as essential as macronutrients for plant growth and 
development, but are needed in lower concentrations. Micronutrients are generally measured in parts per million (ppm). 
For example, foliar analyses typically show iron concentrations near 100 parts per million (ppm). To convert from ppm 
to percentages, remember that 10,000-ppm equals 1.0%. Micronutrients are generally taken up in such small quantities 
that if soils have adequate supplies and availability they likely will continue too for a long time, barring dramatic 
changes in pH. 


In addition to the 17 essential nutrients, plants also absorb and incorporate into their tissues sodium (Na) and Silicon (Si). 
Because plants can complete their lifecycles in the complete absence of these nutrients, they are not considered essential 
nutrients. Sodium and silicon are called functional plant nutrients. New research indicates that silicon, in particular, plays 
a role in plant disease defense mechanisms. 
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In nature, plants obtain all the nutrients they need from air, water, and soil. As plants grow, they accumulate nutrients in 
their tissues. After plants (or animals which eat plants) die, the nutrients are released from the decaying tissues and are 
gradually taken up by other plants. In this way, soil fertility is maintained and nutrients can be considered to cycle. 


In managed settings, soil fertility is lost when plants that have taken up soil nutrients are harvested and removed from the 
site. Erosion of soil particles and leaching of soluble nutrients by irrigation water or excess rain are other causes of 
declining soil fertility. Many urban soils have had the native topsoil removed as well. As soil fertility decreases, plant 
performance declines. Typical symptoms of poor fertility include yellowish, off-colored plants; scorched, small, and/or 
deformed leaves; poor survival; low vigor; and poor flowering or fruit set. As plants become stressed due to lack of 
nutrients, they become more susceptible to pests, diseases, and weed competition. 


Nitrogen, phosphorus, and potassium are the three plant nutrients that are most commonly deficient in soils, and are 
referred to as primary plant macronutrients. Calcium, magnesium, and sulfur are also essential macronutrients, but are 
less likely than N, P, or K to be deficient and are referred to as secondary plant macronutrients. 


 


Nutrient Descriptions 


Macronutrients 


Nitrogen 


Nitrogen is a component of many important molecules including chlorophyll, proteins, enzymes, and DNA. These 
compounds regulate literally every biochemical reaction in all living things. Ammonium (NH4


+) and nitrate (NO3
-) are 


the two plant available forms of nitrogen, and both are commonly used as components of fertilizer salts. Ammonium is 
continuously being transformed into nitrate by soil microorganisims, so nitrate is the only plant available form of 
nitrogen usually analyzed in soil tests. While nitrogen is seldom found in the minerals from which soils are formed, it is 
abundant in the organic matter that makes up 3-5% of most soils. Organic nitrogen is constantly being transformed to 
ammonium and then to nitrate by naturally occurring soil microbes. The activity of these microbes depends on soil 
temperature, aeration, moisture, and the availability of nutrients for the microbes. The plant-available forms of nitrogen 
are easily lost from soils by leaching (downward movement of nitrate through soil with water), denitrification 
(conversion of nitrate to inert N2 gas), and volatilization (conversion of soluble ammonium to ammonia gas). cause 
nitrogen is so mobile and reactive, nitrogen is the most commonly deficient plant nutrient and often must be managed 
regularly. Because nitrogen is highly mobile in plants, deficiency symptoms tend to show up on older leaves first. 
Nitrogen-deficient plants are typically yellow, spindly, and lack vigor. Yellowing and tip scorch of older leaves may 
occur. Too much nitrogen causes excessive growth, very dark green leaves and stems, and reduces flowering and fruit 
set. Fruits are often large, soft, and poorly colored. The availability of nitrogen also affects the uptake and utilization of 
other nutrients. 


 


Phosphorus  


Plants derive all the energy that they need to survive and grow from sunlight. Sunlight energy cannot be used directly, 
however, but is stored in the chemical compound adenosine triphosphate (ATP), which provides energy to the cells. As 
the name implies, Phosphorus is a key element ATP and related energy-carrying compounds. Phosphorus is also found in 
the DNA that regulates everything that occurs in a plant. Phosphorus is involved in cell division, photosynthesis, 
blooming, seed development, and plant maturation. If phosphorus is deficient, adding phosphorus will stimulate root 
growth, so phosphorus deficiency can cascade into other nutrient deficiencies by limiting root growth.  


Phosphorus is the second most commonly limiting plant nutrient. The plant available forms of P are orthophosphate 
(PO4


-3) and the related phosphate ions H2PO4
- and HPO4


-2 which occur in different proportions depending on soil pH. 
Phosphorus deficiency is common both in soils genuinely lacking in phosphorus and because phosphorus can be fixed, 
or made unavailable, in both high and low pH soils. In semiarid climates where soils are typically of high pH, most soils 
contain abundant phosphorus in the form of insoluble calcium phosphate compounds. Like nitrogen, but to a lesser 
extent, phosphorus is a component of soil organic matter and can be made available by microbial activity. For historical 
reasons amounts of P in fertilizers and soil tests both are expressed as if P occurred in the form of the compound P2O5. 
Although this compound doesn’t exist in soils or in plants, most fertilizer labels, soil tests and soil test interpretation 
guidelines are consistent so there is rarely any practical need convert between pure P and P2O5 amounts. 
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Deficiency symptoms, which affect older tissues first, include stunting and red or purple discoloration of stems, petioles, 
and leaves. Root development may be restricted, along with flowering and seed development. Plant maturation can be 
delayed. Purple color is not always a sign of phosphorus deficiency, however. In soils that have been heavily amended 
with manure, excessive P is common, and can result in inadequate uptake of several micronutrients. Because phosphorus 
can be a source of water pollution, and because many residential lawns have adequate P, laws in many states require that 
general purpose fertilizers marketed to homeowners for use on lawns do not contain phosphorus. Phosphorus fertilizers 
should be used in landscaping only in documented cases of soil deficiency. 


 


Table 3-1. Essential elements, their sources, and typical concentrations in dry plant tissues 


________________________________________________________________________ 


MACRONUTRIENTS 


  Percentage ppm 


Air and Water 


Carbon (C) 45      450,000   


Oxygen (O) 45 450,000 


Hydrogen (H)  6  60,000 


 


Soil and Fertilizers 


Nitrogen (N) 1.5  15,000 


Potassium (K) 1.0  10,000 


Calcium (Ca) 0.5   5,000 


Phosphorus (P) 0.2   2,000 


Magnesium (Mg) 0.2   2,000 


Sulfur (S) 0.1   1,000 


 


MICRONUTRIENTS 


Soil and Fertilizers Percentage ppm 


 


Iron (Fe)   0.01     100 


Chlorine (Cl)  0.01             100 


Manganese (Mn)  0.005     50 


Zinc (Zn)  0.002     20 


Boron (B)  0.002      20 


Copper Cu)  0.0006       6 


Nickel (Ni)  0.0001      1  


Molybdenum (Mo) 0.00001          0.1 


________________________________________________________________________ 


Table 3-1 modified from Plant Physiology - 2nd Ed. 1978. Salisbury and Ross. 
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Potassium  


Potassium is involved in the uptake, storage, and utilization of water, as well as controlling stomata, the pores in leaves 
where CO2 is taken up and water is lost. The plant available form of potassium is simply the K+ ion. Potassium 
deficiency can result in wilting, even when water supplies are adequate. Potassium helps to strengthen cell walls, and is 
important in the proper development of strong stems, leaves, and other tissues. Potassium is involved in iron uptake and 
plays a part in cold acclimation and cold hardiness.  


Potassium is the third most commonly limiting plant nutrient, occurring most commonly on acidic soils and sandy soils 
with low cation exchange capacity. Deficiency symptoms include small, necrotic spots and marginal scorch on leaves, 
weak stems, and poor root development. Potassium-deficient plants may be more susceptible to diseases. Potassium is 
not mobile through soils and is not considered a water pollutant. For historical reasons, amounts of K in fertilizers and 
soil tests both are expressed as if K occurred in the form of the compound K2O. Although tis compound doesn’t exist in 
soils or in plants, most fertilizer labels, soil tests and soil test interpretation guidelines are consistent so there is rarely 
any practical need convert between pure K and K2O amounts. 


Calcium  


Calcium is an essential part of cell walls and must be present for the formation of new cells and cell membranes. 
Calcium is relatively immobile in plants, so deficiency symptoms first appear on younger leaves. The leaves are often 
small and distorted with irregular margins, necrotic spots, and tip scorch. Other deficiency symptoms typically include 
weak stems, poor root development, premature shedding of blossoms, poor bud development, and blossom-end rot on 
fruits and vegetables. Calcium is generally added to the soil as limestone, dolomite, or gypsum. Calcium availability is 
closely tied to soil pH, and calcium deficiency is rare in soils with reasonable pH. 


Magnesium  


Magnesium is the central atom in chlorophyll molecules, and is critical for photosynthesis and proper color in green 
plants. It is also involved as a catalyst in many biochemical reactions. Magnesium is occasionally limiting in soils. 
Deficiency symptoms include mottled interveinal chlorosis on the lower leaves, which develop Christmas tree-like 
patterns around veins. The leaf margins may curl and die. Magnesium deficiency looks similar to potassium deficiency, 
so a plant tissue test or soil test should be used to confirm diagnoses. 


Sulfur  


Sulfur is present in some of the amino acids that form proteins and enzymes. It is involved in respiration and is required 
for the production of at least two plant growth hormones. Sulfur deficiency is common in areas with arid climates and 
alkaline soils, and becoming more common in recent years since reduction of sulfur pollution from industrial sources has 
resulted in reduced atmospheric deposition of sulfur. Sulfur-deficient leaves are typically yellowish, with symptoms 
resembling nitrogen deficiency, except that sulfur is not mobile in plant tissue like nitrogen is, so sulfur deficiency 
symptoms are visible in new leaves.  


Two forms of sulfur are used as fertilizers and soil amendments; elemental or pure sulfur, and various sulfate salts. 
Elemental sulfur can be used to acidify soils, typically in preparation for acid-loving plants, such as rhododendrons or 
blueberries. Elemental sulfur is oxidized by soil bacteria, resulting in sulfate and H+ ions, which by definition lowers the 
soil pH. Sulfate sulfur (SO4) is the form taken up by plants. Calcium sulfate (gypsum), ammonium sulfate, potassium 
sulfate, and sulfate of potash-magnesium, commonly called Sul-Po-Mag or Langbeinite are also common fertilizers. It is 
a common misconception that all sulfate fertilizers will cause soil acidification. Like any ammonium fertilizer, 
ammonium sulfate does cause some net soil acidification due to the conversion of the ammonium to nitrate, but his has 
nothing to do with the sulfate. 


Gypsum, or calcium sulfate is a common soil amendment used for supplying calcium and for the reclamation of sodic 
soils. This works because calcium preferentially binds to soil cation exchange sites, displacing sodium, which can then 
be leached away with irrigation water. Gypsum does not affect soil pH in normal circumstances. Gypsum is sometimes 
marketed as helpful to poorly structured heavy clay soils. While it is true that calcium helps flocculate clay, more 
calcium is not necessarily better unless there is so much sodium present that sodium is the source of the poor soil 
structure. 
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Micronutrients 


 


Iron  


Iron is required for chlorophyll formation and the processes of photosynthesis, respiration, and symbiotic nitrogen 
fixation. Interveinal chlorosis or yellowing in between veins of can be symptoms of iron deficiency. Plant growth is 
stunted and flowering and fruit set are decreased. Iron is rarely deficient in soils, but plants can become deficient when 
soil conditions such as poor drainage and extreme pH make iron unavailable. For that reason, adding iron-containing 
fertilizers to the soil or directly to plants seldom provides a long-term solution. Either correct the soil problems that are 
actually causing the iron to be unavailable or plant species that are better adapted to the soil conditions present. High soil 
pH, cold, wet soils, and excessive phosphorus or manganese can all trigger iron chlorosis. In Idaho and Montana high-pH 
soil is the most probable cause of iron chlorosis. Ensuring proper water drainage, adequate irrigation, and a proper 
balance of soil nutrients will help to reduce iron chlorosis. 


Zinc  


Zinc is involved in the production of auxin (indole acetic acid), which is partially responsible for regulating plant growth. 
Zinc is also involved as a catalyst in several biochemical reactions, including cell division and nitrogen metabolism. Zinc 
deficiency is characterized by small, often cupped, leaves and very short internodes with clusters of leaves at the end 
(rosettes). Chlorosis may develop between the veins, gradually expanding to leave only the midrib and leaf margins 
green. Zinc disorders in plants are most common on highly calcareous soils (high pH). Zinc deficiencies are often treated 
using foliar sprays. 


Manganese  


Manganese is involved in the production of chloroplasts and in the process of photosynthesis. Deficiency symptoms 
include a mottled yellowing between green veins, although not usually as distinct as iron chlorosis. Black spots may 
occur between the veins and young leaves may curl upward. Manganese availability increases as soil pH decreases. 
Improving drainage on waterlogged soils and adding organic matter can also increase manganese availability. Few  


Boron  


Boron's is involved in cell wall structure, flowering, fruiting, root development, and water storage and transport. Boron 
deficiency symptoms vary tremendously, including heart rot of beets, stem crack of celery, drought spot of apples, and 
premature fruit drop. Boron deficiency commonly occurs when soil pH is very low or very high. This element is also 
highly soluble and can be leached out of soils by excessive irrigation. When boron is actually deficient (only a soil test 
will show this) add boron in the form of borax, solubor, fritted boron-glass fertilizers, or borated gypsum. Boron is 
needed in only small amounts (0.04 ounces of actual boron per 100 square feet of soil), and is toxic in very small 
amounts. Follow label directions carefully and double check your calculations when using boron fertilizers. 


Chlorine  


The plant available form of chlorine is the chloride ion (Cl-), as found in common salts like sodium chloride and 
potassium chloride. Chlorine is involved in photosynthesis, water regulation, nitrogen uptake, and disease defense. 
Deficiency symptoms include wilting and mottled appearance to leaves. Chloride deficiency is more common than 
previously thought, but still many routine soil tests do not include chloride. The chloride ion leaches readily like nitrate 
does, so chloride may be present in deeper soils. For this reason, shallow soil tests like typically done in landscape 
settings are not useful for making chloride fertilization recommendations. 


Copper  


Copper is involved as a catalyst in several plant biochemical reactions. Copper is very seldom deficient. Copper may 
become toxic to plants even when present in the soil at small concentrations. Purple leaves can be a sign of copper 
toxicity, most commonly occurring on peat or muck soils. Excessive use of Bordeaux mixes or other copper-containing 
fungicides may create copper toxicity problems.  
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Molybdenum  


Plants require molybdenum for nitrogen metabolism. Although molybdenum deficiencies can occur over a wide range of 
geographical areas, it is seldom a problem in Idaho or Montana. Symptoms include yellowing between the veins on older 
leaves, progressing to younger leaves. Young leaves may not become discolored, but may become severely twisted and 
die. On acidic soils, proper liming can help alleviate molybdenum problems. 


________________________________________________________________________________________________ 


Review 


A. Give the definition for an essential element. __________________________________________________ 


 


_________________________________________________________________________________________ 


 


B. What three materials supply plant nutrients? 1. ______________ 2. ______________ 3.______________ 


 


C. What is a macronutrient? __________________________________________________________________ 


 


D. List the six macronutrients supplied by the soil. 1. _______________ 2. ______________ 


 


3. _______________ 4. _______________ 5. _______________ 6. _____________ 


 


E. What is a micronutrient? __________________________________________________________________ 


 


F. List the eight micronutrients supplied by the soil? 1. _______________ 2. ______________ 


 


3. _______________ 4. _______________ 5. _______________ 6. _____________ 7. ______________ 8.___________ 


 


G. List the three "primary" plant nutrients. 1. _______________ 2. _______________ 3. _______________ 


  


H. Describe the roles and deficiency symptoms for: 


 


1. Nitrogen _____________________________________________________________________________ 


 


2. Phosphorus ___________________________________________________________________________ 


 


3. Potassium ____________________________________________________________________________ 


 


4. Iron __________________________________________________________________________________ 
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I. Gypsum is used for improving structure and drainage on what type of soil? Does it change soil pH? _______________ 


 


________________________________________________________________________________________________ 


 


 
The Effects of Soil pH on Plant Nutrition 


Many nutrients become unavailable to plants by forming non-soluble compounds. These chemical reactions are often 
strongly affected by the pH of the soil.. See Chapter 1 for more on soil pH. The availability of nutrients is generally a 
function of their solubility in the soil. Figure 3-2 shows how soil pH affects the availability of nutrients to plants. 


Most plants perform reasonably well when the soil pH is between 6.0 and 7.0 (pH 7.0 is neutral). Soils pH is easily 
increased by application of lime materials like calcium carbonate.  The amount of lime necessary to increase soil pH 
depends on the type of lime and soil cation exchange capacity of the soil. Lime application rates can be calculated using 
a Buffer pH level indicated on many soil tests and a table available from lime suppliers that considers the relative liming 
strength of various liming materials. 


Acid-loving plants, such as rhododendrons and blueberries, grow best when the pH is between 4.2 and 5.0. Achieving 
these low pH levels in western U.S. soils with any amount of free calcium carbonate can be prohibitively expensive, 
especially at any scale larger than a single flower bed. Ammonium sulfate may be the fertilizer of choice on alkaline sites 
because it acidifies the soil slightly. Although ammonium sulfate will not dramatically lower soil pH, it can at least offset 
the gradual increase in soil pH that may occur from alkaline irrigation water. 
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What Are Fertilizers and Why Are They Used? 


Fertilizers are natural or synthetic materials that contain plant nutrients. With the exception of elemental sulfur, most 
fertilizers are made up of two or more elements combined together as salts. Most nitrogen fertilizer materials, for 
example, provide N either in the nitrate (NO3


-) or ammonium (NH4
+) form. The nitrogen is combined with oxygen or 


hydrogen to form a chemical compound that can be used by plants. 


Most soils contain all of the nutrients essential for plant growth, but sometimes the quantities are insufficient for the 
plant’s needs. What appears as nutrient deficiency can sometime be symptoms of other environmental stresses, such as 
soil compaction, poor aeration, dry or saturated soil, high or low pH, pest problems or herbicide damage. If a plant is 
stressed for one or more of these reasons it will usually not respond to fertilization until the underlying problems are 
corrected. See Chapter 7. 


Excessive or unnecessary fertilization can injure roots and burn foliage. It can increase susceptibility to insects and 
disease in some plants. Over-fertilization reduces a plant’s tolerance to environmental stresses. Increased maintenance 
costs and environmental contamination are additional concerns with the over use of fertilizer. 


Vigorous turf, trees, and shrubs are more attractive, valuable and resistant to pests and diseases than nutrient deficient 
plants. Keeping landscape plants healthy and vigorous involves many cultural practices, one of which is fertilization. In 
order to use fertilizers effectively, identify which nutrients the plant needs (if any) and then apply the nutrients in the 
right amounts, at the right times. 
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Reading a Fertilizer Label 
 


The law requires that commercial fertilizers be labeled. Fertilizer labels give you information on what kinds and amounts 
of nutrients are present. The following descriptions refer to the sample fertilizer label shown in Figure 3-3. The reverse 
side of the bag usually contains instructions for application, spreader settings, and precautions. 


Fertilizer Grade 


The fertilizer grade tells you the minimum guaranteed concentration of N, P, and K in a fertilizer. A 16-4-8 fertilizer 
contains, by weight, 16% nitrogen (N), 4% available phosphorus ( P2O5), and 8% available potassium ( K2O). The first 
three numbers of a fertilizer grade always refer to nitrogen, phosphorus, and potassium, respectively. Sometimes a grade 
will contain a fourth number, which usually refers to the sulfer content, since sulfate salts of ammonium and potassium 
are common fertilizer . Other nutrients, if present in measurable quantities, are listed separately in the analysis. 


The N, P, and K in the fertilizer described above make up only 28% of the fertilizer. The other 72% of the fertilizer's 
weight is made up of elements with which the nutrient elements are combined. In some cases, nutrient compounds are 
mixed with filler materials, such as clay granules, to make the fertilizer easier to handle.  


Fertilizer Ratio 


The fertilizer ratio is based upon the percentages of N, P, and K. In the example above, there is four times as much 
nitrogen as phosphorus and twice as much nitrogen as potassium. The ratio of the fertilizer is 4:1:2. 


Guaranteed Analysis 


The manufacturer guarantees that at least the stated amount of each element is present in the fertilizer. For the sample 
label, the fertilizer contains a guaranteed analysis of 16.0% N, 4.0% P2O5, 8% K2O, 19.0% S, and 2.0% Fe. 


A fertilizer analysis only shows nutrients that the manufacturer guarantees to be present at the listed concentrations. 
Other nutrients are commonly present in small concentrations as contaminants, but are often not listed on the label.  


Nitrogen Sources - This section explains what materials the nitrogen in the fertilizer is derived from. In the example, the 
sources include ammonium phosphate, urea, and sulfur-coated urea. 


Available Phosphoric Acid and Soluble Potash - The percentages of P2O5 and K2O are shown, along with the sources of 
the materials. 


Other Plant Nutrients - Secondary plant nutrients and micronutrients are commonly included in fertilizers. In the 
example, other plant nutrients include 19% sulfur and 2% iron. 


Net Weight 


The total weight of fertilizer in the container is given. 
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Figure 3-3. Sample fertilizer label 


 


Composts and Organic Soil Amendments 
 


Compost, peat moss, manure, straw, ground bark, sawdust, and other organic materials are commonly used to amend 
soils. These materials help to improve soil structure and water-holding capacity, but they don’t change soil texture. 
Excessive amounts of high-carbon content organic materials added to the soil can lead to nitrogen deficiency problems 
because microbes that decompose carbon compete with plants for available nitrogen. This is less problematic when bark 
and similar materials are in large pieces and kept on the soil surface. 


All organic material contains carbon. Plant tissues and livestock wastes contain large amounts of carbon. When carbon-
containing materials are added to soil, microorganisms begin to feed upon (to decompose or break down) those 
materials. During the decomposition process, the microorganisms use nitrogen to form their proteins and other cellular 
materials. If the organic material being decomposed lacks sufficient nitrogen for the microorganisms, they will utilize 
other sources of soil nitrogen. The nitrogen utilized by the microorganisms will eventually be released back into the soil 
after the organic material is decomposed and the microorganisms die, but in the meantime, the nitrogen is unavailable for 
plant growth. This phenomenon is known as immobilization. Organic matter does not decompose well in soils that are 
too wet or too dry. 


In a typical soil you might find that the ratio of carbon to nitrogen is 10:1. In other words, for every ten parts of carbon 
there is one part of nitrogen. Some woody materials, however, have carbon to nitrogen ratios of 400:1 or more. For 
microorganisms to decompose materials such as sawdust and straw, they will need supplementary nitrogen. 


There are two methods of avoiding nitrogen depletion when using organic soil amendments. One method is to use fully 
decomposed organic materials in the first place. Peat moss is an example of a fully decomposed organic material. The 
peat cannot be broken down any further by soil microorganisms, so no additional nitrogen is needed for decomposition.  


Composting is a controlled decomposition process in which manure and and/or plant residues are converted by microbial 
action into humus. The benefits of adding compost to a soil include improved soil structure, increased water holding 
capacity, improved nutrient availability, stabilized soil pH, suppression of plant diseases and increased soil microbial 
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activity. Composting partially breaks down organic materials and creates a product with a low C:N ratio. Well-
composted materials generally have a C:N ratio around 10:1 or 12:1. Contact your cooperative extension service for 
information on composting home and garden waste. 


The second method to prevent the depletion of soil nitrogen from the addition of high-carbon materials is to add 
supplemental nitrogen. If un-composted organic materials are used for soil amendments, you should add enough nitrogen 
at the same time to provide for decomposition. Generally speaking, add about 1 pound of actual nitrogen for each 100 
pounds of undecomposed organic material. Weed seeds may also be present in uncomposted organic materials, 
especially in manures. 


 


  


________________________________________________________________________________________________ 


Review 


 


A. Why is soil pH important in plant nutrition and fertilization? ______________________________________ 


 


_________________________________________________________________________________________ 


 


B. A customer's rhododendrons are sickly and stunted. The leaves are yellowish with dark green veins. No 


pathogens or pests are involved. What might be the problem and what short and long-term solutions would you 


recommend? ______________________________________________________________________________ 


 


_________________________________________________________________________________________ 


 


C. A customer's vegetables show symptoms of phosphorus, potassium, and calcium deficiencies, even though he 


has applied fertilizer. What might be the problem and what would you recommend? _____________________ 


 


_________________________________________________________________________________________ 


 


D. What information does a fertilizer label give? _________________________________________________ 


 


E. What are the differences between fertilizer grade and fertilizer ratio? _______________________________ 


 


________________________________________________________________________________________________ 


 


 


 


 







 


3-12 


 


Making Fertilizer Recommendations 
Questions which customers frequently ask nursery salespeople include "What fertilizer should I apply?," "When should I 
apply it?," "How much should I apply?," and "How should I apply it?". Although each situation is different in terms of 
soil, plants, irrigation practices, mulching, and many other factors, there are valid rules of thumb that you can use to 
effectively respond to most of your clients' questions. 


Many people are confused as to what is actually in the bag of fertilizer that they purchase. In the above section on 
fertilizer labels, we discussed fertilizer grades and analyses. Two 50-pound bags of fertilizers may look the same, but 
still contain very different products, which are designed for different uses.   


For example, you have a 50-pound bag of 11-8-4 fertilizer. To calculate the actual nutrient content of the fertilizer, 
multiply the percentage of each nutrient by the total weight of the fertilizer. In the example, nitrogen makes up 11% of 
50 pounds. Multiply 50 by 0.11 to find that the bag contains 5.5 pounds of actual nitrogen. Similarly, you will find that 
the bag contains 0.08 X 50 = 4.0 pounds of P2O5 and 0.04 X 50 = 2.0 pounds of K2O. 


Liquid fertilizers are treated in the same fashion, based on weight. If you have a gallon of liquid fertilizer (about 10 
pounds) with a grade of 20-10-5, you should be able to determine that the product contains 2 pounds of nitrogen, 1 
pound of P2O5, and 0.5 pounds of K2O. 


How Much Fertilizer Is Needed? 


To make an accurate fertilizer recommendation, you need to know what the soil fertility and plant needs are to begin 
with. The most accurate methods of determining soil fertility and plant nutrient status involve laboratory analyses.  


Soil analyses work well for turf, annuals, and other shallow-rooted plants. An analysis will tell you the concentrations of 
available nutrients in the soil. Because trees and shrubs have extensive root systems and store large amounts of nutrients 
in their tissues, soil tests, especially for nitrogen, aren't very helpful in predicting the fertilizer needs for these woody 
plants.  


Early testing will allow you to determine the soil pH and choose appropriate plants to avoid future problems. Nutrient 
deficiencies are easier to correct before planting. Soil tests for N, P, K, pH, and organic matter are the ones most 
commonly recommended. Depending upon the soil type and history of the site, tests for Mg, S, B, Mn, or Zn may also be 
desirable. 


For trees and shrubs, foliar tests provide the most accurate measure of nutrient status. Unfortunately, foliar nutrient 
standards are not available for most landscape plants. Most trees and shrubs are adapted to low levels of nitrogen; thus 
high rates are generally undesirable. Although judicious fertilization can increase growth and help maintain plant health, 
it is not always necessary or beneficial. 


In most cases, nursery professionals make fertilizer recommendations based upon standard rates. The term "rate" simply 
means the amount of fertilizer or actual nutrient that is applied to a given area. For example, 2 pounds of actual nitrogen 
per 1000 square feet or 1 pound of 21-0-0 (ammonium sulfate) per 100 square feet are both rates. In the past some 
recommended rates were high "just to be on the safe side". Now moderate or low rates are more prudent. Excessive 
fertilization can be a major problem in landscapes and is responsible for many ground and surface water contamination 
problems. Be careful when making fertilizer recommendations based upon rates. Adjust rates for your area and the 
intended fertilizer use. 


Once you know the amount of actual nutrient that you need for a particular application and want to determine how much 
fertilizer to apply, divide the amount of actual nutrient needed by the percentage of that nutrient in the fertilizer. If you 
need 2 pounds of actual nitrogen from a 15-4-4 fertilizer, divide 2.0 by 0.15 to find that 13.3 pounds of fertilizer are 
needed. 


In making a fertilizer recommendation: 


1. Determine how much actual nutrient you will need for a specified area or application. Suggested rates for turf, trees, 
and shrubs are given in the following sections. 


2. Use the percentages of N, P, and K given on the fertilizer label and calculate the actual nutrient content, as described 
above. 


3. Determine how much fertilizer product is needed to supply the suggested rate 
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The ingredients that supply the nutrients determine the costs and values per pound of fertilizer. Organic nitrogen sources 
are often more expensive than commercial inorganic materials because the concentration of nitrogen in the organic 
fertilizers are generally less. The lower the nutrient concentration (grade), the more fertilizer you must apply to get an 
equivalent plant response. This does not mean that organic products are inferior to conventional inorganic products; they 
simply provide different benefits. Similarly, slow-release inorganic fertilizers are generally more expensive than 
conventional inorganic materials, but may be more desirable for a particular customer's situation. 


An organic mulch 2-3” deep in the drip zone of a tree can act as an alternative to fertilization and may gradually 
eliminate nutrient deficiencies. Mulch also increases soil microbial activity, which increases the availability of nutrients. 


Fertilizing Turf 
Timing 


Properly timing fertilization helps to build carbohydrate reserves and stimulate root development in turf. Timing is not 
always the same, however, because warm-season and cool-season turf grasses differ in their growth patterns.  


The major cool-season turf grasses, such as bluegrass, perennial ryegrass, and fescue, begin developing their root 
systems in the early spring. Another flush of root growth occurs in the fall. Fall nitrogen applications for these species 
increase carbohydrate reserves and root growth. Turf density is also increased through increased rhizome and stolon 
growth. 


Both spring and summer fertilization are used to maintain the turf color and density and continue the benefits produced 
by fall fertilization the previous year. Don't overdo the spring and fall fertilization, however. Excessive fertilization leads 
to lush growth that is more susceptible to diseases and less tolerant of heat, drought, mowing, and foot traffic. 


Rates 


When you determine the annual nitrogen requirement for a turf, there are several things that you should consider, 
including the species and cultivars of grass present, length of the growing season, the turf quality desired, and the use of 
the turf area. 


The fertilizer rate can be tailored to meet different quality expectations. Homeowners' expectations, for example, range 
from a moderately green, weed-free turf to a turf with excellent color and appearance.  


The purpose of a turf also affects fertilizer practices. Nitrogen rates for bentgrass range from 2 to 7.5 pounds of actual N 
per 1000 square feet of turf per year. The lower rate may meet the low demands of a homeowner, while the higher rate 
may be needed to maintain a putting surface on golf greens. 


Turf grass species and cultivars vary in their nitrogen requirements. Fescues (sheep, red, and hard) require a low level, 
Kentucky bluegrass a medium level, and bentgrass a high level of fertility. Suggested fertilizer rates per month of 
growing season are given in Table 3-2. 


Cultural practices affect fertilization requirements. Increasing irrigation increases the amount of nitrogen that is leached 
out of the root zone. High losses of nitrogen should be expected when quick-release nitrogen sources are used on sandy 
soils. When using a quick-release source of nitrogen, such as ammonium nitrate or urea, a general rule apply no more 
than 1 pound of actual nitrogen per 1000 square feet at any one time during the spring and fall, and no more than 0.5 
pounds of N per 1000 square feet during the summer. Using these rates should minimize leaching and the possibility of 
fertilizer burn. This adds up to a total of 2.5 lbs. of N for the growing season. 


Up to 20% of the nitrogen that you apply to a lawn can be removed in grass clippings. If clippings are routinely removed 
from a lawn, more nitrogen fertilizer will be required to maintain high turf quality. As discussed in the turf chapter 
(Chapter 15) clippings are best left on the lawn. 


Both phosphorus and potassium are required for plant growth and development. Potassium fertilization contributes to 
turf's general hardiness, and tempers the growth-stimulating effect of nitrogen. Traditionally, phosphorus and potassium 
have been applied with nitrogen in ratios of 3:1:2, 5:1:2, or 4:1:1 N, P, and K, respectively. These ratios approximate the 
ratio of N, P, and K in actual turf, but fail to take into account soil nutrient content. Phosphorus and potassium 
fertilization should be adjusted based upon soil analyses as many soils will require no amendment with P & K. 
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Table 3-2. Nitrogen fertilization recommendations for turf  


Pounds of actual N per 1000 square feet per month of growing season 


 


0.5 - 1.5 lbs      0.4 - 1.0 lbs 


Kentucky Bluegrass     Zoysiagrass 


Bermudagrass      Tall Fescue 


Creeping Bentgrass     Perennial Ryegrass 


       Annual Bluegrass 


       Colonial Bentgrass 


0.2 - 0.6 lbs      Velvet Bentgrass 


Carpetgrass 


Red Fescue      0.0 - 0.4 lbs 


Chewings Fescue                   Blue Grama 


       Buffalograss 


Fertilizing Trees and Shrubs
Rates 


Most fertilizer recommendations are based upon the size of the growing area for shrub beds or the branch spread for 
individual trees and shrubs, calculated as the drip line.  


Fertilizer recommendations based upon trunk diameter can result in over-fertilization and plant damage if paved areas, 
foundation walls, or other obstructions restrict the root system. 


One to four pounds of actual nitrogen per 1000 square feet per year will normally keep deciduous trees and shrubs 
healthy and vigorous. No fertilizer at all or the lowest rate is appropriate for slow growing, mature trees.  Large, well-
established trees have extensive root systems that draw nutrients from a large area and require little if any fertilizer.  Two 
or three pounds of actual nitrogen per 1000 square feet would be a moderate rate appropriate for young, fast growing 
trees  If leaf color, annual growth, or general vigor is unacceptable, you might recommend up to four pounds of N per 
1000 square feet of ground under the branches. Generally the majority of the root area is located within 1.5 times the drip 
line. Rapid growth rate is generally undesirable in most trees, as it can lead to weak growth, poor winter hardiness, and 
increased susceptibility to insects and disease. 


Broadleaf evergreens, small shrubs, flowering trees, and recently transplanted or declining trees are more sensitive to 
fertilizer salts than many other plants. These plants should receive only about one-half of the rates listed above, 
particularly when quick-release materials are applied. Splitting the recommended annual fertilizer rate into two or more 
applications can help to reduce damage to sensitive plants. 


Timing 


The recommended times to fertilize trees are in spring before growth begins, or in fall after the leaves have dropped.  Do 
not fertilize in late summer as the resulting flush of growth will not have time to harden off before winter.  Slow-release 
fertilizers, both inorganic and organic, remain in the root zone longer than soluble materials. The application timing for 
slow-release materials is less critical than for more soluble fertilizers.   
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________________________________________________________________________________________________ 


Review 
Make fertilizer recommendations for both the turf area and shade trees shown in Figure 3-4. Make the recommendations 
for a dry 34-0-0 and a dry 10-10-10 fertilizer. The turf is Kentucky bluegrass. The trees are 15-year old maples, showing 
signs of nutrient deficiency, each having a branch spread of 10 feet.  Treat these as independent problems, i.e. there is no 
need to subtract the lawn fertilizer rate from the tree rate.  


 


Figure 3-4.  


 


A. Calculate the turf area: ____________________________________________ = _________ square feet. 


 


B. Total amount of nitrogen needed for the turf. Assume a 1.0 lb. rate per 1000 sq. ft.  


 


___________________________________________________________ = _______________ pounds of N. 


 


C. Calculate the area under each tree: _________________________________ = _________ square feet. 


 


D. Total amount of nitrogen needed for each tree assuming 4.0 lb. rate per 1000 sq. ft.     


 


    _________________________ = _______ pounds of N. 


 


E. Amount of 34-0-0 needed for turf area: ___________________________ = ________ pounds of 34-0-0. 


 


F. Amount of 10-10-10 needed for turf area: _______________________ = ________ pounds of 10-10-10. 


 


G. Amount of 34-0-0 needed for each tree: ___________________________ = ________ pounds of 34-0-0. 


 


H. Amount of 10-10-10 needed for each tree: _______________________ = ________ pounds of 10-10-10. 
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I. When should the customer fertilize the lawn? ________________________________________________ 


 


J. When should the trees be fertilized? _________________________________________________________ 


________________________________________________________________________________________________ 


Methods of Applying Fertilizers 
Turf 


Fertilizers can be applied in either dry or liquid forms. Research has shown that turf grass responds about the same to 
both dry and liquid applications of a material such as urea, making the selection of a particular nitrogen source a matter 
of choice. 


Two types of spreaders are used to apply granular (dry) fertilizers: drop and broadcast. With a drop (gravity) spreader, 
fertilizer is held in a trough and agitated by a bar connected to the wheels. The fertilizer is dropped to the turf in defined 
swaths through a series of slots. This type of spreader can cause striping because of uneven application. 


Professional turf grass managers commonly use the broadcast (centrifugal) spreader because it applies a wide swath of 
material and can be used to fertilize large areas quickly. This type of spreader has a hopper that feeds fertilizer through 
one or more holes onto a spinning disk. The motion of the disk propels the fertilizer in an arc of up to 180 degrees, from 
one side of the spreader to the other. Application is more uniform with broadcast spreaders. 


For liquid fertilizer applications, fertilizers are either dissolved or suspended in water and sprayed on turf. From 1-5 
gallons of water are used per 1000 square feet. Spray equipment can be broadly classified into either low-pressure spray 
booms or high-pressure (hydraulic) sprayers. Both types feature a tank, pump, pressure regulator, strainers or screens, 
and nozzles. Low-pressure spray booms operate at 15-60 pounds per square inch of pressure (psi) and deliver one gallon 
or less of spray per 1000 square feet. Attached to a vehicle, they are driven over large areas, delivering spray in distinct 
swaths through a series of nozzles. This type of sprayer is often used on golf fairways. High-pressure sprayers can 
generate several hundred pounds or more of pressure. Fertilizers are applied with a hose and hand-held nozzle in directed 
applications. Many lawn care companies use this type of spray equipment. 


Trees and Shrubs 


Fertilizers can be supplied to trees and shrubs using foliar sprays, trunk injections, or soil applications. Although foliar 
and trunk applications do have their advantages, soil applications are generally the most effective. 


Nitrogen fertilizers can be applied to the soil surface, since nitrates are highly soluble and will move downward into the 
root zone. When trees are located in turf they generally receive adequate nutrients from the turf fertilization and don’t 
need additional fertilization.  


 When larger amounts of fertilizer are required, or when the above rate might cause excessive turf growth, nitrogen 
fertilizers can be placed below the grass root zone. Both drill-hole techniques and soil injection are used to place 
fertilizer below the soil surface. To calculate rates, divide the recommended rate for the specimen plant by the number of 
holes to be used, and apply that much fertilizer in each hole. 


Drill-hole Technique - Drill a series of 3/4" to 1" diameter holes 18" to 24" apart and 12" to 18" deep away from the 
trunk and moving out as much as twice the drip line of the tree. For trees whose trunks are more than 6" in diameter, 
begin the holes 2 or 3 feet from the trunk. To make filling the holes easier, remove a grass plug from each hole before 
digging. Place the calculated amount of fertilizer in each hole; making sure the top of the fertilizer is at least 4" below the 
soil surface. Fill the holes with soil or grass plugs. Fertilizer spikes are also applied, whole or broken, in this manner. 


Soil Injection - Soil injection is a fast, economical alternative to the drill-hole technique. For commercial applications, a 
hydraulic sprayer operated at 50-200 psi and an injector probe is used. The injector is inserted into the soil approximately 
12". Applications are made in a grid pattern with holes about three feet apart, beginning a few feet away from the trunk 
and working out beyond the drip line, as described above. 


Soil injection is up to 75% faster than the drill-hole technique and can provide more thorough nutrient distribution. 
Soluble fertilizers are more likely to burn roots, however, and can quickly leach out of the root zone. Injected soluble 
nitrogen may remain in the root zone for as little as six weeks. 
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Trunk injection of fertilizers is used in certain cases to apply micronutrients. This method is not appropriate for 
applications of N, P, or K. It is a costly procedure and the tree is wounded in the process. Small holes are bored into the 
vascular system of the tree and then liquid fertilizer is injected. Only certified arborists should perform trunk injections. 


 


Summary 
Plants need certain nutrients in order to grow and develop properly. Seventeen elements are presently known to be 
essential for plant growth and development. Carbon, oxygen, hydrogen, nitrogen, phosphorus potassium, calcium, 
magnesium, and sulfur are required by plants in relatively large amounts, and are referred to as macronutrients. Iron, 
manganese, zinc, boron, copper, molybdenum, and chlorine are required in trace amounts, and are referred to as 
micronutrients. Regardless of the amount required by plants, each of these elements is equally important for proper 
growth and development. 


Of the essential elements, plants obtain carbon, oxygen, and hydrogen through air and water. These elements seldom 
limit plant growth. All other nutrients are normally obtained from the soil, fertilizers, or dissolved salts in irrigation and 
rainwater. 


The lack of any nutrient will affect plant growth. Deficiency symptoms often include stunting, discoloration, malformed 
leaves and stems, necrosis (tissue death), and reduced flowering and fruiting. Although nutrient deficiencies can be 
diagnosed through visual symptoms, effective diagnosis requires extensive general experience and specific knowledge of 
the site, plants, and cultural practices involved. Pests, diseases, heat, drought, and other stresses can also cause visual 
symptoms resembling those caused by nutrient deficiencies. 


To effectively recommend fertilizers, you must have a basic knowledge of plant nutrition and fertilizers. 


The basic components of a "complete" macronutrient fertilizer are N, P, and K. A 100-pound sack of 11-8-6 contains 25 
pounds of actual plant food. Of that 25 pounds, 11 are made up of nitrogen, 8 of available phosphorus (P2O5), and 6 of 
available potassium (K2O). Some fertilizers may not contain each of these nutrients, while others may include N, P, K, 
and other essential elements, including micronutrients. Properly choosing a fertilizer is important if it is to give desired 
results. 


Proper application is also important for effective fertilization. Techniques vary from uniform applications over large 
areas for turf and planting beds to drill holes and soil injection for individual trees and shrubs. 


Fertilizers come in both dry and liquid formulations, depending upon the form of the fertilizer used. Properly selecting 
and calibrating application equipment is essential for effective fertilization. 
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Chapter Review 
 


A. Increased turf fertilization can cause what potential problems? 


________________________________________________________________________________________________ 


 


________________________________________________________________________________________________ 


 


B. When a plant appears to be nutrient deficient what more common causes should be considered and mitigate 


first? 


________________________________________________________________________________________________ 


 


________________________________________________________________________________________________ 


 


C. Do mature trees need frequent fertilization? Why or why not. 


________________________________________________________________________________________________ 


 


________________________________________________________________________________________________ 


 


 


D. Which element is most commonly limiting in plant growth?  


________________________________________________________________________________________________ 


 


________________________________________________________________________________________________ 
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E. What nutrients become unavailable to plants when the soil pH is too high? 


________________________________________________________________________________________________ 


 


________________________________________________________________________________________________ 


 


F. What nutrient is normally added to organic matter when making compost? Why is it added? 
________________________________________________________________________________________________ 


 


________________________________________________________________________________________________ 


 


G. Describe the differences between drop spreaders and broadcast spreaders for fertilizing turf. 


_______________________________________________________________________________________ 


 


_______________________________________________________________________________________ 


 


H. Describe the four methods of applying fertilizer to shrubs and trees. 


 


1. _______________________________________________________________________________________ 


 


2. _______________________________________________________________________________________ 


 


3. _______________________________________________________________________________________ 


 


4. _______________________________________________________________________________________ 


 


I. For a lawn, should all of the fertilizer be applied at the same time? Give your recommendations. 


 


_________________________________________________________________________________________ 


 


_________________________________________________________________________________________ 
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LANDSCAPE DESIGN 
 


Rebekah VanWieren 
 


 


WHAT IS LANDSCAPE DESIGN? 
 
The purpose of this chapter is to introduce the broader context of landscape design processes and strategies, within 
which planting design, selection, installation, and management occur. 
Landscape design is encompassed under the broader field of landscape architecture. The American Society of 
Landscape Architects defines landscape architecture as: 


“the profession which applies artistic and scientific principles to the research, planning, design and 
management of both natural and built environments. Practitioners of this profession apply creative 
and technical skills and scientific, cultural and political knowledge in the planned arrangement of 
natural and constructed elements on the land with a concern for the stewardship and conservation 
of natural, constructed and human resources. The resulting environments shall serve useful, 
aesthetic, safe and enjoyable purposes.” 


 
In practice, landscape design can be thought of as envisioning and creating outdoor places in space over time 
through combining skills and knowledge in art and science. This process involves understanding site conditions (see 
Chapter 2), applying design principles to develop a written and/or drawn plan, and managing construction and 
maintenance of designs. Project sites vary in size, for example, a street boulevard to a business’ grounds to a 
regional park and trail or bike system. Project clients range from an individual to a team of public organizations. 
 
 


Landscape Design-Related Professions 
  
Landscape designer is a general title that encompasses someone who shapes and makes decisions about the forms 
and functions of outdoor spaces. A landscape designer most often works on site-scale projects to be constructed in 
the relatively short-term, rather than planning-scale projects that consider longer timeframes. Site-scale project 
clients range from residential, commercial, to public. Or, a landscape designer may be contracted by another 
company to work on the landscape-related portion of a larger site design project, like a new commercial center or 
street design. Landscape designers also focus on specialized planting design. 
 
Landscape architect is a legal title reserved for someone practicing with a license, which are awarded at the state 
level. Each state has different requirements for licensing, but generally involves a post-secondary education, passing 
a series of national exams, and completing a work hours with a licensed professional. Often, public or large 
commercial landscape design services requires a licensed landscape architect. As a profession, landscape 
architecture covers a wider breadth of project types and scales, including planning and more specialized projects, 
such as stream restoration. 
 
Landscape contractor, also referred to as landscape construction, landscape maintenance or management, and 
landscaping company, is a title that refers to someone or the business that installs, constructs, or maintains a 
landscape design. Design-build companies provide both design and installation services. 
   
Other related professions that landscape designers commonly work with include irrigation specialists, plant 
biologists, ecologists, planners, civil and structural engineers, and architects. 
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LANDSCAPE DESIGN PROCESS 
 
The practice of landscape design generally follows a series of steps, with associated work tasks (see Figure 2-1). 


Although the process is described sequentially, in reality the process is iterative. Because each landscape design 
project is site specific, the tasks should be adjusted depending on the goals and budget. 


Figure 2-1. Landscape design process stages 
 
Project Goals & Programming 
The initial stages of the design process are meant to build an understanding what is going on. The designer(s) and 
client(s) work as a team to clearly define the project scope and design services, and the client’s “wish list” of 
physical design elements or site uses, referred to as programming.  
 
Site Inventory & Analysis 
Researching and observing historic and current conditions of the project site and its surrounding context is called 
site inventory. Then in site analysis the designer assesses these conditions for constraints and opportunities, which 
should inform design choices. (see Chapter 2).  
 
Schematic Design 
The next stage in the process is called schematic design, which during multiple design ideas or drafts are explored. It 
is common to develop 2-3 alternative designs that are shown to a client or stakeholders for feedback before creating 
the final design. Landscape designs are described through a series of drawings, illustrations, maps, lists or tables, 
written specification, and example photographs of previous projects.  
 
Design Development 
The process of creating the final landscape design documents is called design development. This is when a design’s 
detail is decided, like plant selection and quantities, hardscape quantities, furnishing manufacturers, and construction 
bids. This step includes design “take-offs,” which is the process of identifying exact material quantities, sources, and 
itemized costs. If the client is a public agency or large company, the final design will also need to go through 
construction documentation. This involves producing technical, digitally-drafted drawings that are legally bound 
before the project is built. 
 
Construction 
Once the landscape design is being installed, the designer’s role is not finished. The designer, or project manager, 
should be very engaged during the construction process to ensure design integrity and approve adjustments when 
needed. Inevitably, construction will reveal unknown conditions, costs, and material substitutions, and designers 
need to remain creative to make choices that maintain the design’s original goals and functions. At the end of 
installation, designers complete a project “punch-list,” or check-list, to confirm that all materials where completed 
per the contract and design before final billing. Including the client(s) during a final walk-around is helpful to review 
work and gather feedback. 
 
Management 
Following installation, on-going landscape management is essential to the design’s growth and health. Landscape 
designers may be contracted to provide on-going maintenance or write management plans for larger projects. A 
more contemporary approach to landscape maintenance is called adaptive management, where tasks are flexible and 
change over time as site uses and plants evolve within dynamic systems.  
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DESIGN GOALS AND APPROACHES 
 
Landscape design provides solutions for a range of environmental, social, and economic challenges. For example, a 
homeowner wants to reduce water use for irrigation and would like a place for outdoor entertainment. Or, a business 
needs to meet stormwater management requirements for development ordinances and would like to use native plants 
in their landscaped areas. Or, a public agency is designing a bike path next to a river that also needs revegetation to 
stabilize eroding banks. The goals that drive a project are unique to its geographic location, client desires and 
programming needs, site constrains, and design or architectural styles. Early in the design process, the designer and 
the client(s) should collaboratively develop goals to inform best approaches and strategies. Design goals typically 
encompass items such as landscape functions (to filter, to diversify, to shade), forms (to mound, to alley, to gather), 
or other performance benefits (to reduce sediment runoff, to increase physical exercise, to source 100% re-used 
brick from a demolished building). 
 
Sustainable Landscape Design 
Many recent approaches to landscape design strive to revitalize connection between the built environment and the 
ecological services that we rely on, such as climate regulation, air and water cleansing, water supply retention, 
hazard mitigation, pollination, habitat functions, waste decomposition, food and renewable non-food products, and 
cultural and human health benefits. Sustainable landscape design utilizes strategies to provide lasting ecological, 
social, economic, and aesthetic benefits, and sees landscape as a medium to address complex environmental-social 
problems. The sustainable SITES initiative is a project certification program that is administered by U.S. Green 
Building Council, specifically focused on landscape projects rather than buildings. The Landscape Performance 
program of the Landscape Architecture Foundation promotes the importance of quantifying and qualifying the 
impacts of sustainable landscape designs, as opposed to conventional approaches. Both these programs have 
databases with excellent examples of built projects that utilize a sustainable landscape design approach (see 
References). Other related approaches include low-impact development, green infrastructure design, biophilic 
design, rewilding, and ecological landscape design. 
  
Drought-Resilient Design 
Xeriscaping, or drought-tolerant design, prioritizes strategies that need little to no irrigation, especially the use of 
potable, utility-treated water. U.S. communities in the west and southwest continue to face water quantity problems, 
and many have developed economic incentives for installing xeriscaping. Selected plants should be drought-tolerant 
or require little to no additional water beyond local precipitation and establishment. Xeriscaping has often been 
characterized by large swaths of rock mulch or stones to reduce materials that require water. However, more 
contemporary designs use drought-tolerant vegetated ground covers to promote the full range of plant benefits that 
hardscape materials do not offer. Where irrigation is used for periodic watering, strategies should employ more 
efficient drip emitters or sprayers, adjusting irrigation schedules to reduce water loss from evapotranspiration, or 
using smart technology like rain sensors or soils moisture monitors that turn off irrigation when plants do not need 
additional water. Hydrozones are a strategy to design planting beds with plants that have similar water needs, to 
better align irrigation zone settings rather than uniform watering. 
 
Other Design Inspirations 
Numerous other design approaches exist. For example, landscape designs may be inspired by numerous garden 
themes or forms, such as a Japanese, English, permaculture, therapeutic, or memorial garden. Other regional 
approaches include firewise and design for sea-level rise. In firewise landscape design, planting zones to reduce risk 
of fire spread and home destruction should gradually increase the density, height, and diversity of species away from 
the home. In contemporary landscape design projects, rarely are designers given money for simply “making 
something pretty.” Landscape designs should be performative in multiple ways, and create quality places where 
people want to live, work, play, and learn, known as placemaking. Plants and landscape design should reflect and 
enhance a place’s uniqueness, creating a strong sense of place. Designed spaces should be multi-functional 
throughout the year, to provide cost-effective uses of space with increasing pressures from the built environment. 
 
Importance of Beauty 
In any approach, landscape design emphasizes the value of beauty and aesthetics. Many contemporary design 
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approaches embrace more plant species that inherently do not display characteristics that people expect in 
ornamental, more manicured settings, such as vibrant flowers, uniformity, tidy or upright stems, or fast growth. 
Many native and native cultivars also exhibit more muted colors and tones of brown, characteristic of natural 
systems through seasonal changes. Research has shown that people view these characteristics as messy, disorderly, 
and not well maintained. For these reasons, landscape designs should incorporate elements that demonstrate beauty 
and human care, even while using native plants. Strategies include fencing, other visible lines from mowing or 
paving, signage, pops of color at different times of the year, and elements of design structure (see section 4. Design 
Language). 
 
 


LANDSCAPE DESIGN LANGUAGE 
 


Materials or Medium 
  
Landscape materials are chosen for various reasons, and material selection should be considered on a project-by-
project basis and based on a thorough site analysis (see Chapter 2). Proper materials selection along with on-going 
and correct maintenance ensure a design’s longevity and sustainability. 
 
Landform  
Landform, or topographic patterns and shapes, is one design material quickly overlooked. Landform design and 
earthwork are typically referred to as site engineering, site development, or grading and drainage plans. 
Considerations for landform may be aesthetic, perceptual, spatial, or environmental. Aesthetic strategies for 
landform include sculptural, architectonic, or naturalistic themes. Perceptual and spatial considerations include slope 
requirements for drainage or ADA accessibility, enhancement, enclosure, or separation. For example, the design of 
landforms can be done in a way to create emphasis through a vista, repetition through multiple undulations, or 
separation of site functions through terracing or berms. Finally, environmental reasons include stormwater 
management, stream and habitat restoration, and microclimate creation. As an overarching tenant, earthwork should 
only occur within reason, to minimize the negative impacts associated with manipulating topography like erosion, 
loss of vegetative cover, changes in natural drainage patters, and costs of removing and replacing soil. 
 
In addition, landform also refers to the dirt itself. Designing “from the ground up” is certainly an important design 
strategy to ensure appropriate soil or growing media properties for supporting vegetation, furnishing or structure 
foundations, or other materials. Working with existing soil resources whenever possible is advised for reducing costs 
and environmental impacts. However, when soil needs to be supplemented, replaced, reclaimed, or improved, the 
process and protocol for how this should happen is the designer’s responsibility. 
 
Vegetation  
Plant layout and species selection is an entire design process in and of itself, and vegetation is a key component to 
all landscape design projects. Plant selection factors are covered in-depth in Chapter 2. Planting lists are often 
categorized into the following groups: deciduous trees (shade vs. ornamental), coniferous trees, shrubs, perennials, 
grasses, bulbs, and annuals. In general, woody plants provide horizontal or vertical structure and “bones” for a 
planting design, and tree canopies create enclosure or an outdoor room “ceiling.” Evergreen plants, especially in 
climates with multiple seasons, provide year-round structure and interest that is difficult to achieve with other plant 
types. Ornamental grasses and perennial flower or seed heads can also help with fall-spring interest, and should not 
be pruned until early spring. Planting design may also consider grouping plant species to mimic or represent a native 
plant community, or archetype. 
 
Water  
People are strongly connected to the sensory experience of water in the landscape, and often interactive water 
features become a gathering spot or point of emphasis. Water as a design material includes natural surface waters 
like streams and rivers, rainwater runoff, irrigation water and design, and design features that incorporate water like 
fountains or play areas.  Today, designers need to thoughtfully consider how a project site relates to watershed-scale 
water quantity and quality, and create designs that contribute to healthy water resources for the future. Employing 
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strategies where possible that reduce, recycle, or reusing water in the landscape is advised. Design of irrigation 
systems may be developed by the landscape designer or an irrigation consultant. 
 
Hardscape and Furnishings  
Hardscape materials include those for the finished surface type as well as the underlying materials needed for its 
support and construction. Common hardscapes include pathways, sidewalks, parking areas, patios and plazas, 
recreational courts, and walls. Some common hardscape materials are concrete, asphalt, unit pavers, permeable 
paving, stone, tile, and steel, and other piping for drainage. Construction detailing and management when building 
these hardscapes is an important to ensure accuracy. Landscape furnishings encompass seating, tables, drinking 
fountain, play structures, trash and recycling receptacles, signs, and even things like dog waste stations, bollards, 
and storage structures. Furnishings are typically specified from a manufacturer, but can also be custom designed and 
built. Placement of furnishings should relate to surrounding site functions, like entrances and intersection. The size, 
quantity, and style of furnishings should complement the overall design concept. 
 
 


Design Elements 
  
Creating a landscape composition using the materials described above is guided by a set of design elements and 
principles to make beautiful, unified spaces. Overall, design unity is an umbrella goal that occurs when all design 
features are successfully integrated together to create order and support the design as a whole. 
 
Line  
An actual or implied mark, path, mass, or edge where length is dominant. For example, sidewalks or trails, property 
lines, planting bed lines, or water courses. Lines are important for developing circulation patterns and directing 
visual and physical movement. 
 
Form  
The mass of shapes, both horizontally and vertically across the project site. For example, forms in a residential 
design may be created for an entryway planting, raised bed garden area, patio, shaded grove, and a play area.  
Creating order and structure of forms can be accomplished using spatial themes including, rectilinear (straight, right 
angles, square), angular (points, acute, triangles, hexagons), curvilinear (circles, semi-circles, arcs, tangents, 
naturalistic), and combined themes. 
 
Texture 
Surface quality of elements (rough, smooth, etc.). The texture of a material may also relate to the touch and sensory 
experience of a landscape. For example, using course plant material in the background of a composition creates 
enclosure by shortening the perceived distance and view. 
 
Color  
Pigments and color mixing. Color and visual impacts in the landscape are especially thought of in terms of plant 
combinations, seasonality, hardscape materials, and coordination of colors with other built elements on a site. Often, 
color becomes an element for strong place making. Cool colors (greens, blues, purples) tend to recede, while warm 
colors (reds, oranges, yellows) tend to advance toward the eye. 
 
 


Design Principles 
  
Scale 
The measurable distance between objects or forms (two dimensional or three dimensional). Forms, such as a patio or 
recreational field, and materials, like vegetation or furnishings, should be scaled appropriately and specifically for 
the project site size and design goals. For example, the scale of a plaza hardscape is drastically different for one 
restaurant space versus an urban farmer’s market. Or, the scale of a walkway should be different along a river 
promenade versus an exploratory path through a secret garden. 







 
10-6 


Proportion  
The relation of two things in size, number, amount, or degree. 
 
Balance 
A visual or feeling of equality of weight, attention, or attraction of the various elements within the composition. For 
example, a balance of evergreen species across a design can help create unity and year-round structure. 
 
Repetition 
Creation of a predictable pattern through repetition of identical or similar elements. Repeated plant species, plant 
combinations, form themes, or color may contribute to place making, site rhythm, or unity as one moves through a 
site. Meanwhile, too much repetition becomes predictable and monotonous. Central Park’s bridges are an example 
of a repeating feature that creates park rhythm. 
 
Rhythm 
The act of repeating an element either regularly or irregularly. Rhythm, through repetition, creates site choreography 
and sequencing as people move through and experience a space. For example, a pop of bright yellow used in a bulb, 
perennial, a tree’s fall color, seating, and the color of a shed, creates a movement through the seasons and between 
the built and natural site features.   
 
Emphasis  
The stress, often in form or scale, placed on a single area or feature of a design. In a large-scale project, emphasis 
may be a neighborhood landmark, such as a building, archway, or a landform feature like a summit. However, on a 
small-scale project emphasis may be created by a heritage tree, a fountain, or an entryway area. Typically, emphasis 
is characterized by singularity or unique significance. 
 
Variety 
Absence of uniformity.  Variety creates interest and diversity. A variety of plant textures and scents keeps interest 
and movement in a therapeutic garden. A diversity of plant structure and species provides increased habitat features. 
 
Economy 
Using only what is needed to create the intended effect; eliminating any elements that might distract attention from 
the essence of an idea. Listed last, but may be the most important for sustainability. A project must employ economy 
not only for cost efficiencies in the initial installation, but for long-term management. Devolution to simpler design 
lines, forms, textures, etc. leads to a design with a clearer concept, which is advantageous for the end user to 
maintain. For example, over-complexity of curves in a pathway leads to pedestrians or bikes cutting corners, leading 
to more wear on plants or materials along the edges. Or, curves with very tight radii may be more expensive to 
design irrigation and difficult to design with efficient water use. All projects should embrace economy as an 
opportunity to develop a successful design, not as a limitation. 
 
 
© 2018 Rebekah VanWieren.  All Rights Reserved.  
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Review 
 
A. List three types of projects at different scales that a landscape designer may work on. 


_____________________________________________________________________________________ 


_____________________________________________________________________________________ 


_____________________________________________________________________________________  


  


B. How does a landscape designer differ from a landscape architect and landscape contractor? 


_____________________________________________________________________________________ 


_____________________________________________________________________________________ 


_____________________________________________________________________________________  
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C. List three different stages of the design process and describe one task for each. 


1.____________________________________________________________________________________ 


2.____________________________________________________________________________________ 


3.____________________________________________________________________________________ 


 
D. What are three ecosystem services that a sustainable landscape design approach may benefit? 


1.____________________________________________________________________________________ 


2.____________________________________________________________________________________ 


3.____________________________________________________________________________________ 


 
E. What strategies could be utilized to create a drought-resilient design? 


_____________________________________________________________________________________ 


_____________________________________________________________________________________ 


_____________________________________________________________________________________  


 
F. Why is beauty important when designing naturalized landscapes that prioritize native plants? 


_____________________________________________________________________________________ 


_____________________________________________________________________________________ 


_____________________________________________________________________________________  


 
G. What are the four basic design elements? Define each and describe one consideration for design. 


 1.____________________________________________________________________________________ 


 2.____________________________________________________________________________________ 


 3.____________________________________________________________________________________ 


 4.____________________________________________________________________________________ 


 
H. List and define three of the many design principles. Describe an example for how each may be achieved. 


 1.____________________________________________________________________________________ 


 2.____________________________________________________________________________________ 


 3.____________________________________________________________________________________ 
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RIGHT PLANT/RIGHT PLACE 
SITE ANALYSIS AND PLANTING 


 
Authors:  Rebekah VanWieren and William Hoch 


Illustrated by Rebekah VanWieren 
 
 


 INTRODUCTION 
 
Long-term healthy plants rely on a thorough understanding of historical and existing site conditions that inform plant 
species selection. In addition, nursery stock factors, site preparation and planting, and ongoing maintenance play key 
roles in establishing healthy plants on the front end. This chapter focuses on how to assess plant-related conditions, but 
should be noted that in the design process, project site selection generally occurs before plant selection. Therefore, as a 
plant professional you may be asked to put plants in locations or with conditions that are not conducive to long-term 
plant health. You have a responsibility to address any site conditions that may impact sustaining healthy plants or the 
environmental or cultural systems that plants depend upon. 
  


 SITE CONSIDERATIONS FOR SUSTAINABLE PLANT HEALTH 
 
Site analysis is the process of gathering information and assessing its constraints and opportunities on plant selection and 
the design of planting spaces. Simply said, you need to understand the relationship between plant species’ needs and 
project site characteristics. The information commonly inventoried is described below in two categories, biophysical and 
cultural aspects. This list is not exhaustive, and should be project specific. Working with existing site conditions 
whenever possible, rather than modifying them, reduces costs and environmental impacts. 
  


Biophysical Characteristics 
  
Soils 
Soil is the foundation of life on earth. Plants rely on soil, or a growing medium, for water, air, nutrients, and root 
structure. Good soil is slow to form and should be protected and minimally disturbed. In addition, soils with undesirable 
traits should be improved. The first activity is to identify soil type and quality through tests for traits such as texture, 
type, compaction, percolation, and nutrient availability for multiple locations around a project site. Soil characteristics 
vary based on microclimate factors at the site-scale. Understanding soil in all planting locations is necessary, rather than 
simply a catchall approach or utilizing a NRCS Soil Survey, which should only be applied at a much larger mapping 
scale. Assessment questions include, where has soil been disturbed and how, where are soils healthy and should be 
protected, and where are soils degraded or absent and how can they be restored? Some of the key soil traits for plant 
selection are discussed below. 
 
pH is a measure of soil acidity or alkalinity, ranging from 0-14 (pH of 7 is neutral; pH between 7-14 is alkaline; pH 
between 0-7 is acidic). Typical soil levels are between 4-9, with disturbed, urban soils typically above 7. Soil chemistry 
is complex, and many factors influence pH. Plants are adapted to growing in soils with particular pH levels, and 
therefore, it is essential to align plant selection with soil pH. Some plants are adapted to a wide range of pH while others 
require a narrow range. Soil pH also relates to nutrient availability, and plant nutrients are sufficiently available for most 
plants when pH is within 6.0-7.5. Soil pH can be modified slightly, but over time it generally returns to its original pH. 
Soil pH can be increased by applying carbonate or lime, while decreased by adding organic matter or sulphur. Some 
trees that can tolerate alkaline soils include hackberry, honeylocust, ponderosa pine, and blue spruce. However, in 
general, evergreens prefer slightly acidic soils. 
 
Soils contain nutrients essential for plant growth. Macronutrients are required in significant quantities, while 
micronutrients are only required in trace amounts. Macronutrients include nitrogen, phosphorus, potassium, sulfur, 
calcium, and magnesium. Micronutrients include iron, manganese, copper, zinc, molybdenum, boron, and chlorine. 
When soil chemistry tests do show nutrient deficiencies, it is important to analyze its cause. Imbalances in plant-
available nutrients can affect plant functions including plant growth, vigor, leaf color, disease or insect resistance. In 
general, healthy soils with sufficient organic matter content will support the nutrients most plants need. Stable composts 
can be added to supply a slow release of nitrogen; ideally amended into soil before planting occurs to a depth of 12-18.” 
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Soil drainage and water-holding capacity are impacted by texture, structure, compaction level, and slope. A lack of good 
drainage reduces oxygen movement in soils needed for root functions. Assessing percolation rates, how quickly a site 
drains, is essential when choosing plants that will thrive in wet (poorly-drained) or dry (fast-draining) soil conditions. 
For example, a basin designed to infiltrate rainwater utilizes plants that can withstand water inundation at the bottom of 
the basin and plants that prefer drier soil conditions on the upland slopes. Generally, sandy soils are well drained and 
clay soils are poorly drained. Plant species adapted to wetland conditions, such as willows and alders, tolerate poorly 
drained or aerated soils. Where faster percolation is desired, soils can be amended with sand, rock, or mulch. Also, if soil 
replacement or augmenting is required for a specialized site, like a rain garden or drought-tolerant garden, soil 
components to meet drainage requirements can be mixed by suppliers with specified percentages before delivery to the 
project site. 
    
Common characteristics of urban soils include grade changes caused by cut and fill, compaction, loss of stability, 
impervious crust, altered soil pH, poor drainage caused by compaction, nutrient deficiencies, human materials like rubble 
and debris, and small soil volumes inadequate for plant growth. The presence and severity of these conditions should be 
analyzed for all project sites. Oversight of plant and soil protection measures prior to and during construction is advised 
to minimize disturbance and ensure preservation. Degraded soil quality is common around building foundations, parking 
lots, or other large construction sites because topsoil is removed and stockpiled, and replacement soil is lower quality. 
Topsoil, rich in organic matter and nutrients, is often mixed with subsoil and becomes degraded. Soil compaction is 
extremely common due to heavy construction vehicles, equipment, and materials storage. Site preparation and design 
strategies to improve available soil volumes to support plant growth should be considered. Rehabilitation strategies 
include deep de-compaction to depths up to 48” and subsoiling where organic material is incorporated into lower 
horizons. Structural soils and suspended pavement systems (structural cells), which have properties to both support tree 
growth below ground and the strength requirements of streets, curbs, and sidewalks above ground, can be used to 
increase the soil volume to support plant growth to maturity. 
 
Slope   
A slope analysis is important to understand existing drainage patterns and areas of steepness or significant grade 
changes. For larger project sites, or a project with applicable stormwater management regulations, a complete 
topographic survey performed by a contracted surveyor is likely required. Low spots or depressions can collect water, 
and areas with gradual slopes will not drain as quickly. Areas with steeper slopes drain water quicker and may 
experience drier conditions at the top of the slope, hill, or berm; specific selection should be designed accordingly. 
Changing the natural soil depth around existing vegetation, especially trees, is not advised. When grading soil to create 
naturalistic slopes, a 33% maximum slope should be used to successfully establish plants, minimize erosion, and operate 
landscape maintenance equipment safely. Maximum landscape slopes are also often regulated by development codes. 
Planting strategies, such as live stakes and live fascine bundles, can be used in combination with other slope stabilization 
strategies. 
 
Water   
Water is essential for plant growth, and the amount required for plant growth varies by species, season, soils, 
microclimate, and plant maturity. Water is a finite natural resource, and ensuring healthy water quality and quantity 
should be of upmost responsibility. Water sources that should be inventoried on a project site include surface waters, 
ground water, precipitation, and irrigation sources and systems. Rainwater, especially as runoff from impervious 
surfaces, should be directed toward plantings or depressions to utilize for plant growth or to mimic natural drainage 
patterns and groundwater recharge. Understanding the watershed-scale challenges that the project site contributes to is 
also important to plant selection and water use in the urban landscape. For example, a project set within a watershed 
where available water resources are at risk, should prioritize selection of species that will required less to no 
supplementary watering beyond natural precipitation after establishment. Utilizing irrigation systems and management 
plans that adapt to site conditions and climate is essential to responsible water use. Providing adequate water during the 
plant establishment period, typically 2-3 years, is essential for long term health of all plantings, even drought-tolerant. 
Irrigation system components that improve water efficiency, like low-flow emitters, drip lines, smart controllers, and rain 
gauges, should be utilized whenever possible. In addition, simple adjustments to irrigation timing and settings can save 
water, by reducing evapotranspiration rates, and improve plant growth. 
 
Vegetation  
All existing vegetation should be observed to understand its condition, function, and aesthetic value. Typical traits to 
inventory include species, size or square foot coverage, health, and attributes that are working well or should be 
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addressed. Vegetation to preserve and appropriately protect during construction activities should be noted and monitored 
during any construction activities. Also, plants that create a hazard, are invasive, or will not survive should be noted for 
removal. Finally, the site should be analyzed for areas that would benefit from an increase in vegetative cover or 
structure. 
 
Climate   
Solar access, wind, and temperature conditions should be inventoried to identify varying microclimates that occur 
throughout the project site. Other site conditions impact microclimates. For example, planting areas around building 
foundations are typically warmer and more protected. A sun-shade study should be completed for all planting areas. 
Typical categories are full-sun (6+ hours direct sun/day), part-sun (4-6 hours sun/day), part-shade (2-4 hours sun/day), 
and full shade (less than 2 hours sun/day). Most plants require sunlight to fuel photosynthesis. Each plant species thrives 
within a range of solar conditions. Generally, plants native to the understory tolerate low light conditions best. In arid 
climates or where there is infrequent cloud cover, desiccation and sunscald are common. Under these circumstances, 
species that typically prefer full sun conditions may thrive in part-sun or part-shade. Site locations where climate 
modification is desired should be assessed. For example, a sunny area is desired for planting edibles, whereas shading is 
desired for west-facing windows. Wind impacts humidity and soil moisture. Areas that receive heavy winds are more at 
risk for dry soil conditions, loss of plant moisture, and damage to branches and overall form. Generally, drought-tolerant 
species are also wind tolerant. Planted windbreaks can be designed, especially on the larger site-scale, for energy 
conservation or site experience for people using the site.  
 


Cultural-Related Characteristics 
 
Property Boundaries  
Property boundaries, easements, or setbacks should be mapped or professionally surveyed. All plantings and associated 
work needs to occur within the property lines. Streets or building sites with easements for future expansion are likely 
unsustainable locations for new trees.  
 
Policies  
Researching all regulations, ordinances, or permitting that apply to the project site is necessary to understand 
requirements for design and planting. Common policies related to plants include permitted tree species for public sites, 
invasive species not permitted, mature height restrictions under overhead utility lines, minimum tree DBH sizes or plant 
communities required to protect, and street tree spacing. Regulations may apply at multiple jurisdiction levels (local, 
state, federal). 
 
Site Uses  
The existing site uses or activities should be inventoried to understand their beneficial relationships with or constraints 
on proposed plantings. These uses include permanent and temporary structures, driveways, walkways, patios and other 
paved surfaces, recreational activities, or other uses that may impact plant health and structure. For example, the area 
used to stage heavy construction machinery leads to very compacted soils and would require special site preparation to 
support plant health. Or, in a residential setting the available area between the driveway, sidewalk, and the front porch 
may not be enough space to support a large shade or evergreen tree. 
 
Utilities  
All above and below ground utilities should be located prior to site design, plant selection, and installation. These 
include power lines, sanitary sewer, water, stormwater, electrical, and fiber optic. Plant species should be thoughtfully 
selected for sites that are underneath, on top of, and adjacent to utilities to promote mature and healthy growth. Planting 
medium to large trees underneath utility lines will only result in prolonged topping. Therefore, small to medium or 
ornamental trees should be selected in these cases. In addition, adequate space for root growth in addition to utility 
access should be considered when planting near underground utilities. 
 
Sight Lines   
The site should be assessed for desirable views, undesirable views, and areas to keep clear of vegetation for site safety, 
like sight lines at intersections. Evergreen plants and densely-branched shrubs are often used for obstructing or diffusing 
undesirable views. Plants in rows or with large openings, along with other site elements like pergolas or gates, are used 
to frame desirable views. When using plants to screen or obstruct in urban landscapes, site safety should be considered. 
High, dense, or enclosed vegetation may unintentionally create spaces that feel unsafe. 
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Operations-Related   
Conditions to inventory include maintenance access locations, equipment or vehicle sizes, snow storage areas, and paved 
areas with heavy deicers application. Planting locations should not interfere with snow removal equipment and dumping, 
and should accommodate room for maintenance access and equipment.  
 
Human Health & Well-Being   
The existing human experience of the site should be observed and assessed. There is a plethora of research the supports 
positive connections between plants and human health, like decreasing depression and anxiety, increasing cognitive 
abilities, and improving physical health. Plants contribute to a site’s sensory experience through noise, scent, and touch. 
Opportunities for plants to provide play, respite, or interactive elements should be considered. For example, a grove of 
trees may provide shade for picnic tables. Finally, assessing opportunities for interpretive signage is a way to provide 
information about planted species.  
 
    


 PLANT SPECIES SELECTION CONSIDERATIONS 
 
Plant selection should be informed by both the existing site conditions as well as the design or planting goals (see Ch. # 
Landscape Design). Many of the considerations for plant selection were mentioned section 2. Below, additional detail as 
well as new content is discussed. Remember, a plant’s ability to thrive depends on a variety of factors, and these factors 
vary across a project site and over a plant’s life. Critical analysis and careful attention to these factors are key to a 
choosing appropriate species, however, adaptable plant care and site maintenance are also important elements for 
sustained plant health and its benefits. 
 
Plant Hardiness   
One of the first considerations when selecting a plant should be its cold hardiness.  Woody plants have been classified 
into plant hardiness zones using a map system developed by the USDA (see References). The map’s zones are based on 
the average annual minimum temperature a species is likely to survive. Montana USDA zones range from 3a-6a, with the 
most areas in zones 3-4. Zones 5-6 mostly occur in western Montana. The maps do not consider other site conditions that 
impact a plant’s survivability, like length of growing season, snow coverage, soil characteristics, and sun intensity, so 
simply choosing a plant based only on hardiness zone is not enough. Some plants go through dormancy or take multiple 
season to germinate, and these growth characteristics are important to be aware of during plant establishment and care.    
 
Nativity  
Selecting native plants may offer complementary site design or planting goals such as providing habitat for birds and 
pollinators, using plants adapted to local soils and moisture conditions, and supporting native plant community 
regeneration. When using native plants, it is important to assess whether the project site conditions will be able to 
support native plant needs. Urban or disturbed project sites likely exhibit traits that are not native and may inhibit native 
plant health. For example, a healthy native prairie relies on plant genetic diversity and fire disturbances that are difficult 
to restore or mimic on urban project sites. Some projects require the use of native plants. Because many of the plants 
available in the nursery trade are native cultivars or non-native species, it may require working with a specialized 
grower. Native cultivars and non-native ornamental species are not necessarily invasive or problematic, and may exhibit 
more desirable environmental or aesthetic traits. For example, quicker or denser growth, uniformity, showier flowers, no 
self-seeding, and pests and disease resistance. Also, many cultivars have been bred for traits to better tolerate tough site 
conditions, making them excellent choices for urban and community planting sites.  
 
Maturity & Growth Rate   
Selecting plants with appropriate mature sizes is very important for plant health and aesthetics. Considerations for plant 
heights and utilities is discussed above. Placement of trees and large shrubs near buildings should be done in a way so 
there is enough space for mature widths and so that they do not block windows. A plant too large for the scale of the 
planting area quickly becomes overwhelming, both visually and functionally. Trees and shrubs should be spaced apart to 
avoid shared growing space, which leads to dye-out of branches or prolonged reduction pruning. It is often desirable to 
plant faster growing species to get more immediate benefits from shade, wind protection, etc., especially in climates with 
short growing seasons.  However, these faster growing species are often more prone to insects, disease, and have weak 
wood, and heaving, suckering root systems that can create problems under pavement and with sewer and septic lines. 
Utilizing a combination of plants with diverse growth rates can provide plant benefits over both the short and long term. 
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Diversity   
Plant diversity is advantageous for several reasons. Species diversity is important for growing resiliency against future 
disease and pest threats. Age and growth rate diversity provides more consistency of benefits as plants reach maturity 
and die. Size diversity allows plants to occupy varying horizontal and vertical spaces and create niche habitats. Plant 
diversity creates sustained aesthetic interest, through time and space. 
 
Aesthetics & Site Users 
Plant selection should also be informed by design principles, such as unity and scale, texture and emphasis (see Chapter 
10). Different site users may impact plant selection. With pets and children, poisonous plants, plants with thorns or 
spikes, or some edible plants should be avoided. Plants with large falling fruits or prolific seeds production should be 
carefully placed in relation to ADA accessibility and maintenance considerations. 
 
____________________________________________________________________________________________ 
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 Review 
 
A. What are common characteristics of urban soil? Describe strategies for site preparations or plant selection that 


would mitigate potential challenges? 
 
 __________________________________________________________________________________________ 
 
 __________________________________________________________________________________________ 
 
 __________________________________________________________________________________________ 
 
B. How does slope impact plant selection?  
 
 __________________________________________________________________________________________ 
 
 __________________________________________________________________________________________ 
 
C. What four water sources should be inventoried and assessed to inform design and plant selection? 
 
 1. __________________________________ 2. __________________________________ 
 
 3. __________________________________ 4. __________________________________ 
 
D. When inventorying existing site vegetation, what information should be recorded? 
 
 __________________________________________________________________________________________ 
 
 __________________________________________________________________________________________ 
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E. How many hours of sun define the following categories? What plants do best in part- to full-shade? 
 
 Full Sun: ____________________________  Part-Sun: ____________________________ 
 
 Part-Shade: __________________________  Full Shade: ___________________________ 
 
F. List three cultural-related considerations during site analysis. Provide an example for how each impacts plant 


selection. 
 


1.  ______________________________________________________________________________________ 
 


2. _______________________________________________________________________________________ 
 


3. _______________________________________________________________________________________ 
 
 
G. What are potential benefits of plant species diversity? 
 


_________________________________________________________________________________________ 
 


_________________________________________________________________________________________ 
 
 
H. List three problems commonly associated with very fast-growing tree species. 
 


1. ____________________ 2. ____________________ 3. ____________________ 
 
I. What is the one environmental factor that hardiness zone maps are based upon?__________________________ 
  
J. What other factors are important in determining a plant’s hardiness for a particular site that are not considered 


in the USDA Hardiness Zones? 
 


_________________________________________________________________________________________ 
 
K. What cultural-related elements could impact tree planting locations around a parking lot? 
 


_________________________________________________________________________________________ 
 
 
L. What are the macronutrients that plants need? ____________________________________________________ 
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SELECTION OF NURSERY STOCK 
 
American Standard for Nursery Stock 
 
Standards for nursery stock are provided by the American Horticulture Industry Association (AmericanHort), which is an 
Approved American National Standards Institute (ANSI) accredited Standards Developing Organization.  The Standard 
is an essential reference for anyone in the green industry who specifies, grows, distributes, buys, or installs nursery stock.  
 
The purpose of the American Standard for Nursery Stock is to provide buyers and sellers of nursery stock with a 
common terminology in order to facilitate transactions involving nursery stock. The standards establish common 
techniques for measuring plants, specifying and stating the size of plants, determining the proper relationship between 
height and caliper, or height and width, and determining whether a root ball or container is large enough for a particular 
size plant.    


 
Below are two sample Sections from the American Standard for Nursery Stock. 
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Types of Nursery Stock 
  
Balled-and-Burlapped   
Plants grown in ground that have been dug so the soil immediately around the roots remains undisturbed. The ball of 
earth containing the roots is then bound up in burlap or similar mesh fabrics using twine, and may be placed within a 
wire basket.  Balled-and-burlapped plants are generally the most expensive form of nursery stock and are relatively 
heavy, making handling and shipping difficult.  These plants should only be handled by the root ball to prevent 
separating the roots from the soil.   
 
Bare-Root   
Plants harvested from nursery fields when dormant and with the soil removed from the roots.  Bare-root plants must be 
stored under cool temperatures and high humidity to prevent desiccation and loss of dormancy, and the roots must be 
wrapped in a moisture-retaining material while being transported.  There are many advantages to using bare-root plants, 
including lower cost, ease of transportation and planting, decreased need for watering during establishment, and none of 
the root deformation that can have lasting effects on container-grown plants.  Due to having been dug and stored without 
soil on the roots, bare-root plants can exhibit reduced growth and fullness during the first year, however once 
established, often demonstrate superior landscape performance.   
 
Container-Grown  
Plant that have been grown to a specified size in a container.  Container-grown plants have become a large percentage of 
nursery stock sales due to their longevity on sales lots without the need for specialized storage facilities or handling 
equipment.  However, container-grown plants can be subject to problems not encountered with more traditional field-
grown nursery stock.   
 
Plants grown in standard plastic containers are prone to root deformations such as circling, descending and kinked roots 
resulting from contact with the container wall.  If not corrected at planting, these misshapen roots can cause long-term 
problems, including poor landscape establishment, reduced anchorage, and decline resulting from girdling roots that 
constrict the trunk.  A variety of “root-pruning” container designs have been developed in attempts to minimize root 
deformation during production.  Containers that consistently perform best in studies of these new designs are made of 
polypropylene fabric, which greatly improve root architecture, increase fine root mass and improve transplantability.   
 
Another potential problem with container-grown plants is rapid water loss following planting.  Because container media 
is composed of coarse materials such as composted bark, peat and sand, it is subject to water loss via drainage and 
capillary action when planted into landscape soils that typically have much finer pore spaces.  This drying can lead to 
water stress and slow establishment.  Methods for managing these issues are addressed in the section on Planting below.   
 
Containerized  
Plants grown in a field, dug bare-root, and potted into a container.  Containerized plants must be grown for a short period 
to establish roots into the media before transplanting, and should be planted within one year.  Containerized plants can be 
subject to the same problems as container-grown plants if grown in the container for too long.   
 
Plugs or Cones 
Herbaceous plants grown in smaller specialized containers or cells that are typically sold by the rack. Plugs or cone 
plants are regularly used in naturalized or restoration plantings where using seed is not feasible or takes too long to 
establish. Plugs or cones are also more economical than container-grown plants, especially for large projects. 
 
Processed-Balled  
Processed-balled plants are field-grown, dug bare root, and a growing medium is formed around the roots to produce a 
ball that is then wrapped in burlap and twine.  Like containerized plants, processed-balled plants should be grown for a 
short period to establish roots into the media before transplanting, and should be planted within one year.   
 
Field-Potted, Field Boxed or Balled-and-Potted  
Plants that are field-grown, dug with the ball of soil intact, and in lieu of burlapping, are placed in a container to retain 
the integrity of the soil ball.  This form of nursery stock should be planted within a short period of time because field soil 
is a poor container media for growing plants.  
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In-ground Fabric Bag   
Plants grown to a specified size in fabric bags within a field.  These bags are constructed of the same materials as bags 
used for above-ground container production.  Unlike plants grown in containers above ground, in-ground fabric bags are 
filled with field soil.  Growing plants in fabric bags in-ground is becoming increasingly popular, because these plants are 
less prone to the problems of root deformation and post-planting drying than are standard container-grown plants, and 
are less perishable following harvest than balled-and-burlapped or bare-root nursery stock.   
 
Tree Spade   
Trees with trunk diameters of 3-10” can be transplanted with truck-mounted tree spades.  Tree spades are available in a 
variety of sizes up to about 90” in diameter.  The success of moving large trees with a tree spade depends on a number 
factors, including size and species of the tree, root ball size, time of year, location, soil type and skill of the operator.  
Moving trees with a tree spade is expensive and is typically used only when landscape immediacy is required or a highly 
value tree will otherwise be lost.  Large trees suffer considerable transplant shock, and may take a decade or more to 
return to pre-transplant growth rates.    
 
 


Selecting Nursery Stock 
 
Trees  
Both the branches and roots of nursery stock should be inspected before purchase.  Selecting trees with good branch 
architecture will reduce the need for pruning during the first few years.  Large and medium sized trees should have a 
dominant central leader to the top of the tree with well-spaced, subordinate branches.  Trees possessing branch defects 
should be avoided.  The three primary branch defects, codominant leaders, included bark, and branches that are greater 
than one-half the diameter of the trunk, are discussed in detail in Chapter 17.  The presence of a dominant central leader 
is less important for small trees, which are often trained to have multiple stems.  Small trees should have well-spaced 
branches that are not clustered at one location.  Trees should also be free of mechanical damage to the trunk and main 
branches.   
 
Roots are an often overlooked aspect of plant selection, but root structure is critical to long-term landscape performance, 
especially for medium and large sized trees.  Roots should grow strait-out from the trunk without any circling, kinked or 
large descending roots.  Roots growing tangentially to the trunk frequently become girdling roots that can seriously 
affect future tree health.  Root defects are less likely on field-grown plants, but are common on plants grown in standard 
plastic containers, which is why it is important to address potential root issues when planting this type of nursery stock.   
 
Shrubs   
Shrubs should be full and balanced with multiple well-spaced stems.  The stems should appear healthy and be free of 
mechanical damage or disease.  As with tree roots, the roots of shrubs should be free of permanent deformations 
resulting from poor production practices.   
 
 


PLANTING 
 
Planting Hole Preparation and Correct Planting Depth  
A planting hole should be dug two to three times as wide as the root ball, but no deeper than is required for the plant to 
be at the correct depth (Figure 1).  Adding organic amendments to the soil before backfilling the hole is generally not 
recommended, but may benefit plant establishment in heavy clay or very sandy soils.  If required, thoroughly incorporate 
an organic amendment such as compost or peat moss into the soil before backfilling so that the amendments total no 
more than 10% of the soil volume.  Backfill the hole and settle the soil by watering the hole thoroughly.  Never use your 
feet to compress the backfill, which can over-compact the soil.   
 
Planting too deeply can lead to a variety of problems, the most common being the development of girdling roots.  When 
at the correct depth, the area where roots emerge from the trunk, known as the root flare, should be visible at ground 
level.  If soil at the bottom of the hole has been disturbed or recently backfilled, this soil should be tamped-down, and the 
plant can be placed slightly higher to allow for settling.  It is always better to error on the side of planting too shallow 
than too deep.  If the root flare of nursery stock is covered with soil or container media, remove enough media to expose 
the flare before planting.  Roots that are circling or growing tangentially to the trunk should be removed.   
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Figure 1.  Correct planting hole and planting depth.    
 
 
 
Balled-and-Burlapped 
If the root ball is contained within a wire basket, the basket should be removed before planting.  After the ball is at the 
correct depth in the planting hole, cut and pull the burlap below soil level, which prevents it from wicking moisture away 
from the root zone.   
 
Bare-Root   
It is important not to let the roots become dry before planting, and soaking the roots in water overnight before planting 
can help hydrate the roots.  Prepare a wide planting hole with a mound of topsoil in the center.  The mound helps spread 
the roots, and its height should be adjusted to set the plant to the correct depth.  To prevent the plant from sinking below 
this level, the mound should be tamped, and the plant can be placed slightly higher to allow for settling.   
 
Container-Grown  
Traditional Plastic Containers: Plants grown in traditional plastic containers typically have deformed roots at the 
interface of the media and container wall.  It has long been a recommended pre-planting practice to make several vertical 
slices through the roots around the perimeter of the root ball.  Recent research has shown this method may not result in a 
significant change in root architecture following planting.  Studies have found that the best method to correct deformed 
roots is to use a sharpened spade, knife or fine-tooth saw to slice-off the outer one-to-two inches of roots and media on 
the sides and bottom of the root ball (Figure 2).   
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Figure 2:  Shaving the bottom and outer portions of container-grown root balls effectively removes deformed 
roots that can lead to long-term problems.   
 
 
Fabric Containers   
Plants grown in fabric containers will generally have few if any deformed roots and much greater fine-root mass.  Before 
planting, the fabric bag should be cut and removed from the root ball, and the polypropylene fabric recycled.  The 
perimeter of the root ball should be disturbed to loosen and expose fine roots, which will facilitate their integration into 
the surrounding soil.  Any misshapen roots should be removed at this time.   
 
Containerized, Field-Potted, Processed-Balled   
If the plant has been growing in the container for a significant period of time and deformed roots are present, it should be 
planted as described for container-grown plants.  If few roots are visible at the outer edge of the media, loose media 
should be removed until roots are exposed.   
 
 


Post Planting Care 
 
Mulching  
Cover the planting area with 2-4” of an organic mulch such as bark or wood chips.  Keep the mulch several inches away 
from the trunk to prevent rodent damage and disease problems, and allow for irrigation to reach the root ball until the 
plant has become established.  Over time the mulch will need periodic replenishment to maintain the proper depth.  The 
mulch ring for trees should be at least as wide as the planting hole.  Well-maintained mulch areas reduce weeds, preserve 
soil moisture, improve plant growth, and perhaps most importantly helps prevent mechanical damage to the trunk from 
trimming tools.   
 
Watering  
Newly transplanted plants can be as easily damaged or killed by over-watering or under-watering.  The correct paradigm 
for watering plants is to water thoroughly and deeply, then allow the soil to dry before watering again.  This practice 
allows for aeration of the root zone and encourages an expansive root system.  Deep watering can be achieved using a 
soaker hose, drip irrigation, or leaving a garden hose on a low trickle for several hours.  Check that the soil has dried to a 
depth of 3-4” before the next watering.  Plants purchased in soilless media, (i.e. container-grown, containerized, or 
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processed-balled) should be watched more closely during the initial establishment period before the roots have grown 
into the surrounding soil.  Under hot conditions these plants may begin to wilt before the surrounding soil becomes dry.   
 
Prevention of Mechanical Damage  
Girdling caused by mechanical damage, in particular string-trimmers, is probably the leading cause of decline and death 
of young trees in the landscape.  String-trimmers are powerful and efficient tools, but are extremely dangerous around 
trees.  A moment of carelessness can result in the loss of a tree that will require significant expense and years of growth 
to replace. 
 
Fortunately this serious problem is readily preventable.  The best prevention is to eliminate the need to get near trees 
with trimming tools by maintaining generous, weed-free mulch rings.  Where maintaining mulch rings is not practical or 
outside your control, quality plastic trunk guards should be installed around the base of trees.  Trunk guards should 
always be checked during routine landscape maintenance to ensure they are properly installed, and should be replaced if 
damaged or missing.  Finally, it is also important to train equipment operators to stay clear of trees and to only remove 
weeds near the base of trees by hand.   
 
Staking   
Newly transplanted trees should only be staked in high-traffic areas where there is risk of vandalism or in areas where 
high winds may dislodge the root ball during establishment.  If staking is required, two metal or 2 x 2” wood stakes 
should be driven into the ground outside of the root ball and deeper than the backfill (Fig. 1).  It is important to secure 
the tree to the stakes using only soft, flexible material that will not damage the trunk, and to allow for some movement of 
the trunk, which helps develop a strong trunk and root system.  In general stakes should be removed after one year.  If 
circumstances require the stakes to remain beyond one year, periodically check that the ties have not become too tight.   
 
 
 
© 2018 Rebekah VanWieren and William Hoch.  All Rights Reserved.   
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 Review 
 
A. Using the sample pages from the ANSI American Standard for Nursery Stock provided in the chapter, give the 


following standards for an intermediate-sized deciduous shrub in the 3-4’ size interval: 
 
 Minimum number of canes _______________ 
 
 Minimum spread of roots or root ball diameter _________________ 
 
 Minimum root ball depth _____________________ 
 
 Acceptable container classes _________________ 
  
 Minimum acceptable in-ground fabric bag size (diameter) ______________________ 
 
 
 
 
B. Briefly describe the following types of nursery stock: 
 
 Balled-and-Burlapped _______________________________________________________________________ 
 
 Bare-Root _________________________________________________________________________________ 
 
 Container-Grown ___________________________________________________________________________ 
 
 Containerized ______________________________________________________________________________ 
  
 Plug or Cone ______________________________________________________________________________ 
 
 Processed-Balled ___________________________________________________________________________ 
 
 Field-Potted _______________________________________________________________________________ 
 
 In-ground Fabric Bag ________________________________________________________________________ 
 
 Tree Spade ________________________________________________________________________________ 
 
 
 
C. Describe two potential problems associated with plants grown in standard plastic containers. 
 


_________________________________________________________________________________________ 
 
_________________________________________________________________________________________ 
 


 
D. When purchasing a tree, what type of branch and root architecture should you look for?  
 


_________________________________________________________________________________________ 
 
_________________________________________________________________________________________ 
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E. Explain the proper dimensions for a planting hole.  
 


_________________________________________________________________________________________ 
 


_________________________________________________________________________________________ 
 
 
F. Describe the correct planting depth for a tree or shrub. 
 


_________________________________________________________________________________________ 
 


_________________________________________________________________________________________ 
 
 
G. How do you settle the backfill in a planting hole? 
 


_________________________________________________________________________________________ 
 


 
H.        Explain the correct method of planting a tree that was grown in a standard plastic container. 


 
_________________________________________________________________________________________ 
 
_________________________________________________________________________________________ 


 
 
I. Describe the proper method for watering a newly-planted tree.  
 


_________________________________________________________________________________________ 
 
 _________________________________________________________________________________________ 
 
J. List three ways of preventing the girdling of trees by trimming tools?   
 


__________________________________________________________________________________________ 
 


 __________________________________________________________________________________________ 
 
 __________________________________________________________________________________________ 
 
 
K. When and how should a tree be staked after planting?  
 


_________________________________________________________________________________________ 
 
_________________________________________________________________________________________ 
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 NURSERY SALES 
 
 Adapted From the California Retail Nurseryman's Manual 


Original Author:  Dale Bachman 
         Revised by the Montana Nursery and Landscape Association 2002 


Shelly Engler, Nick Engler, Mary Keck 
 
 


Selling involves assisting customers in making buying decisions, which benefit both the customers and the 
nursery. 
 


Nursery owners and employees who are asked why customers go to garden centers and retail nurseries 
usually reply that homeowners are looking for help, information and, above all, assurance that what they are buying 
is right for their yard.  Customers take this help and guidance much more readily from a fellow human being than 
from a sign or a label. 
 


Maintaining a yard is essentially a leisure pastime, which means that spending money on plants, lawn 
mowers, or chemicals comes after spending money on food, clothes, and gasoline.  Customers are usually at a 
garden center because they want to spend money, rather than because they have to spend money.  Discretionary 
purchases are different from purchases of staples in three ways. 
 


1) Customers are less price sensitive about discretionary items in proportion to their monthly 
paychecks. 


 
2) Customers have more time to choose. 


 
3) Customers respond more to personal assistance. 


 
True selling is a skill embracing product knowledge, effective communication, technical assurance, and 


problem solving, all carried out professionally within a pleasant customer-salesperson relationship.  There are many 
stores that carry plants and more which sell chemicals and other dry goods.  Customers always have choices for 
where they spend their money. 
 


In order to identify the effects of various "turn-offs" which businesses can give to customers, garden 
centers in New York conducted a survey.  Customers were asked if they had returned to shop at a particular garden 
center since their first visit.  Those who answered "No!" were asked why.  The results of the survey are shown 
below. 
 
 


Question:  "What deterred you from shopping at the same store, having been there once? 
Percentage of replies 
 
68% gave "discourteous treatment" as their prime reason 
 
14% said that their problems or complaints were not dealt with satisfactorily 
 
9% said that lower prices elsewhere were the cause 
 
5% were persuaded to change by talking to other people 
 
3% moved away from the area 
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All people involved in retailing should memorize the above results.  What the survey showed is that 82% or 
4 out of 5 people were turned-off by HUMAN rather than economic factors.  The results demonstrate how important 
the personal touch is in leisure shopping and how relatively unimportant prices are. 


 
HOST - CONSULTANT - SELLER 
 


A successful salesperson should be aware of the three roles they play - the welcoming host, the informative 
consultant, and the assuring seller.  These three personalities are closely linked and are also inter-dependent.  In 
other words, if a salesperson is a rude host, he or she will not be taken as a credible consultant or a believable seller. 
 
HOST - The Welcome 
 
Customers are guests of a business and should be treated accordingly.  Salespeople should give them a smile and a 
greeting when they enter a store.  There are no "welcome" signs or audio messages that can reverse the damage done 
by a miserable or disinterested salesperson.  The greeting serves to show customers that they are welcome and 
identifies a friendly face among the staff.  Identification is particularly important if uniforms are not worn in a 
particular garden center.  All customers should be spoken to on arrival, if possible.  Even on a busy spring Saturday, 
salespeople should try to make eye contact with customers as they pass.  Even if you are getting an order for a 
customer, never walk past new arrivals with eyes fixed on the floor; always take time to return a smile, a glance or a 
"Hi". 
 


A host should look the part.  It doesn't matter how much money a store puts into advertising.  If the 
salespeople look sloppy or shabby, a business's image becomes shabby.  Salespeople must look well groomed and 
self-confident at all times.  Salespeople do represent a company to most customers.  By establishing a good rapport 
with regular customers, salespeople also will find their job more rewarding. 
 


First impressions work both ways.  As a salesperson, don't judge customers as being big spenders or small 
spenders by the way they dress or behave. Be careful not to let prejudices play a part in sales responsibilities.  By 
developing courteous and enthusiastic service for all customers, salespeople can create satisfied and permanent 
customers. 
 


As the nursery industry is based upon environmental and leisure activities, managers spend a lot of time 
and effort making their stores look good.  It is important that customers are given the time to browse and take in the 
color and beauty which surrounds them.  Creating a comfortable environment will relax customers and predispose 
them to buying more than if they are immediately assaulted with a sales pitch.  So without intruding into their 
personal space, greet customers with a word and a smile and answer any of their immediate questions. 
 
CONSULTANT - Informative and helpful 
 


Most customers patronize a retail nursery because they believe the employees there are knowledgeable
about plants, lawns, chemicals, etc.  The name "garden center" suggests that it is the place to go for expert advice 
and information, rather than a discount store or supermarket that sells everything.  Customers expect a professional, 
reliable, and knowledgeable team of salespeople to help them decide which plants and garden products are best for 
their yards.  A successful salesperson in the consultant role is honest and credible, in addition to being skilled in 
problem solving and dealing with complaints. 
 


As a consultant, honesty is most definitely the best policy to eliminate after-sale complaints.  An honest 
salesperson who says, "I'm not quite sure whether potentilla can tolerate wet conditions - let's see what the book 
says," is at once being human and open without being ignorant or incompetent.  It's far better to do this than to let a 
customer take a potentilla with your blessing, only to find that the site was too wet for a potentilla.  After a bad 
experience, a customer will, at best, come back to complain or, more likely, won't shop at your store again. 
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If honesty means advising a customer against the plant which he or she has fallen in love with because it 
will not perform well in their particular landscape, then honesty must be followed.  Don't be shy in advising 
customers that the plants, which they’ve selected, won't thrive in their particular landscape.  It's far better to lose a 
higher margin on one sale and build respect and reputation for the company, than it is to allow people to take away 
something that will cause dissatisfaction. Be ready to suggest an alternative that would be appropriate. Customers 
who are advised honestly will regard the place of business as being a fair and informative nursery.  Honesty will 
help to provide the steady stream of loyal customers which garden centers continually strive for. 
 


There's always a temptation to "show-off" technical knowledge and talk to customers about "pH", "liners", 
"pre-emergence", or "23-3-3".  This is trade talk and in the proper place it's fine, but is not suitable for most 
customers.  A good salesperson uses language and explains a topic so that his or her customers easily understand it.  
People visit garden centers to get clear and up-to-date information.  Most gardeners are interested in learning more 
about how and why plants do or do not grow.  Teach them the language but don't overwhelm them with it. 
 


A customer looking for a chemical to kill aphids on a prize viburnum may be bewildered by the sheer 
number of products claiming to be effective against this pest.  For a salesperson to merely repeat what labels say is 
not giving a customer any assurance or help.  The salesperson must properly explain the label in detail.  Always 
remember that the label on any product is a legal document, and it is unlawful to recommend anything that is in 
direct conflict with the label. Suggest least toxic alternatives whenever possible. 
 


Nursery customers often seek help in solving problems associated with their yard or garden.  To be able to 
help customers, a consultant must know how to get the facts and how to listen.  To be a good advisor, first find out 
what sort of problem exists and listen carefully before formulating a solution to the problem.  There could be several 
good reasons why a problem exists.  Getting to the truth will take time, patience, prompting, and asking the right 
questions.  These questions will start with "what, why, where, how many, how much, and how often." 
 


Providing useful answers takes time and, in busy periods, cannot be done at the expense of other customers.  
Not all customers will need extended consultation.  Recognizing customer's needs is important.  Anxious facial 
expressions, customers "hovering" near a salesperson or the cash register area, or a customer reading label after label 
with a pronounced frown on his face are good indications that a consultant is needed. 
 


Sooner or later, sales personnel will be on the receiving end of a complaint about merchandise or service.  
The main objective must be to turn an unhappy customer into a happy one who will return to the garden center.  
Personal feelings regarding the value or the deal the customer received must not enter into the situation.  Make a 
judgment according to company policy.  If this does not satisfy the customer, politely refer the matter to the manager 
who will have to further interpret company policy and make the decision. 
 


In dealing with complaints, a salesperson's job is to defuse potential or actual conflicts between the 
business and customers.  Unless they are obnoxious or abusive, all customers' complaints should be heard, but not at 
the cash register area or in the middle of the store.  Take them aside to a quiet part of the nursery or ask them into an 
office.  This will not only stop other customers from hearing about the problem, but it goes a long way towards 
defusing a customer by isolating him or her from an audience. Whenever possible, observe the following guidelines 
with a complaining customer. 
 


1. Listen and look as if you are listening.  Maintain eye contact. 
 


2. Show sympathy by nodding your head occasionally and by the tone of your voice. 
 


3. Avoid justifying.  The customer is not interested in excuses.  All the customer wants to know is 
what you're going to do about his or her complaint. 


 
4. Ask questions.  Probe the situation with open questions to obtain facts ("How much water did you 


give it each week?").  Check facts with closed questions ("So you've had it for six weeks?"). 
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5. Avoid antagonizing.  Do not lead a customer into increased anxiety by such phrases as, "You 


claim you have sprayed it but..." or, "You didn't spread it on the lawn in full sun or anything like 
that, did you?" 


 
6. Agree to a course of action.  This will depend upon many factors, which include company policy, 


the customer's attitude, and terms of the sale.  You must know all of the terms of a sale in advance 
of serving customers. 


 
7. Inform all other staff members who need to know.  A customer who is stopped at the cash register 


by a salesperson who didn't know that a plant was a replacement is likely to voice a serious 
complaint. 


 
8. Keep a record.  When you have a spare moment after having dealt with a complaint, jot down the 


details of the customers name, the nature of the problem, how you dealt with the problem, and the 
date. 


 
9. Never, never argue.  It may sometimes be extremely hard to stay calm, but if you lose your 


  temper, you will lose a customer and perhaps your job. 
 


Advertising and public relations are only part of the battle to obtain regular, happy customers.  The 
enthusiasm, knowledge, communication skills, and positive attitudes of the staff members are the best ways to instill 
confidence and loyalty towards a particular garden center. 
 
SELLER - Approach, Determining Needs, Tie-in Sales and Closing Sales 
 


Selling is the process of finding out what a customer needs or wants and, by using product knowledge, 
matching the product whose benefits come the closest to fitting those needs.  For instance, a customer may come in 
saying that she would like a lilac tree similar to one seen in bloom elsewhere.  By asking the correct probing 
questions, it becomes apparent that she plans to put it on the edge of the patio in full shade so that the fragrance can 
be enjoyed inside the house.  The customer must be advised that the lilac would not thrive in full shade, but would 
tolerate a location that received partial shade. 
 


In selling, there are many areas where mistakes can be made and customers lost.  Before the actual sale 
occurs, there are many potential hurdles to avoid, which may stop customers from spending money in a particular 
center. 
 


A "cold" atmosphere, lack of merchandise, poor labeling, and unattractive displays are some of the hurdles 
which make a salesperson's job difficult.  Selling requires a team effort.  If a store merely takes money for 
merchandise picked out by the customer, it is taking orders and not selling.    
 


A competent salesperson knows how to approach a customer, read their signals, find out their needs, assist 
and assure them in their choices and close the sale.  With the exception of a person waiting for the store to open to 
buy a bag of lawn fertilizer before going to work, most customers want to browse around before making buying 
decisions. Respect the customer’s personal space, but be available.  Each salesperson will develop his or her own 
approach, but they must all be friendly, sincere, helpful, inviting, and professional. 
 


One skill a salesperson needs to develop is that of being able to read a customer's facial expressions and 
body posture.  A customer with his eyes on the floor or the merchandise is not ready for a salesperson.  Similarly, 
those customers who turn their backs to the salesperson are saying, "not yet".  The "help me" signals are such things 
as making eye contact with, following, or turning to face the salesperson.  Being able to read customers comes from 
experience and being aware of these signals. 
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One of the most common approaches is asking a customer if they need help.  A customer may be in the 
plant area looking across the beds with a "help" signal and in this instance, the approach may be, "Hi, is there 
something I can help you with?"  This, however, is a closed question.  It can still get a "No thanks, just looking" 
answer.  It is far better to use an open question, which makes the customer give a lead into an approach such as "Hi, 
what type of shrub are you looking for?"  Or “How can I help you?” Once a closed question has been answered with 
a "No," it will be very hard to reestablish contact without seeming to pressure the customer. 
 
 If someone is obviously examining the different types of products by picking them up and putting them 
down again.  Approach with an affirmative statement agreeing with the customer that the product he is examining is 
worth buying like: "Aren't those azaleas attractive?  They really brighten up a shady corner in spring."  This 
approach is a natural introduction and does not seem "pushy".  It can lead into a friendly conversation in which the 
salesperson's knowledge and enthusiasm can be conveyed, while finding out what the customer wants and needs. 
 


Determining a customer's needs takes time and can be difficult during busy times when a number of people 
are waiting for service. It is, however, the best way of creating customer loyalty. Determining customer needs is a 
process employed by many professionals who use both open and closed questions to extract information, rather than 
just listening to what the client (customer) thinks is important.  Open questions are essential in order to get details 
and often begin with the words:  what, where, how, when and why.  For example: 
 


What trees do you have in the lawn? 
Where do you intend to plant these begonias? 
How do you feel about vines? 
When do you plan on replanting your lawn? 
Open questions and leading statements explore details and feelings.  You might ask, "Could you explain a 
bit about the style of yard you have in mind?" or, "Tell me how you visualize the finished design." 


 
The danger with open-ended questions is that some customers tend to be vague or don't know when to stop.  


Use closed questions to gently bring them back to the subject or prevent them from telling the family history.  For 
example, "Is your lawn facing north?  Do you have a dog? Do you have children? Can you keep these plants moist? 
Would you like a flowering or foliage plant?" 
 


Closed questions check facts and keep the conversation within boundaries.  This is important due to the 
limited time you have for each customer. 
 


Many customers will be uncertain about their needs.  Salespeople must overcome doubts and sales 
resistance by interpreting product usage and benefits.  All too often, salespeople talk about features or functions 
while ignoring the benefits.  Customers want to know the benefits of buying a product and what it will do for them.  
Generally, customers don't want to associate working in the yard and garden with effort.  Base discussions about 
benefits around how the product makes life easier, more enjoyable, or more convenient.  Matching product benefits 
with customer needs helps to ensure both sales and customer satisfaction. 
 


In most retail trades, the principle of selling a second product with a direct link to another purchase has 
been firmly established.  These are referred to as tie-in sales.  Shoe stores offer shoe polish to protect the new 
investment, or purses to match the shoes.  In garden centers, tie-in selling may be done conveniently and 
appropriately on a regular basis without involving high-pressure tactics.  Fully meeting customers’ needs enhances 
both your sales and their success and satisfaction. 


 
When a salesperson feels no other potential sale is possible with a particular customer or when there are 


other people waiting for help, it's time to close the sale.  Closing is the most important part of a sale, since the whole 
process of dealing with a customer is non-productive if no sale occurs.  Sales will be lost if a salesperson lacks the 
discipline to stop talking and recognize the signals of customers intent upon making purchases.  Customer actions 
such as picking up and putting down an item, setting plants aside in the pathway, and reading a label two or three 
times are good signs that a close is imminent - all the customer needs is that final assurance.  Remember, however, 
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that assurance must be given with sincerity. 
 


For a simple closing, you might simply restate the main points in which a customer has shown interest, end 
with a confident, "I'm sure you will enjoy the color of this plant," and walk him or her towards the cash register area. 
 


An affirmative close will be useful when a customer has doubts about a purchase.  In such a case, a nice 
personal, "This product is the best on the market and will serve your purpose very well." may do the trick.  When a 
customer is wondering whether to put off a decision to buy and asks, "Do you always have these in stock?", use a 
close which stresses that now is the best time to buy, since a product may not be available in future weeks - the so-
called "fear" close.  Other closing remarks such as, "Can we deliver this for you?,  Do you prefer the one gallon or 
the five?" or "Is this to be cash or charge?" also have their uses but only when one reads the signs of readiness on the 
customer's face. 
 
 Make sure that each customer gets what he or she needs and leaves satisfied.  If customers are undecided, or do not 
wish to buy, still thank them for coming and express a desire to help them with their future needs.   All people 
leaving the store should be sincerely thanked and encouraged to return. 
 


From a proper greeting, to interesting the customer, to answering questions, to interpreting the benefits, to 
overcoming objections, the most important aspect of being a good salesperson is attitude.  The words and feelings of 
each individual reflects on that person and the store.  Each individual needs to be a professional listener, problem 
solver, and socializer.  He or she needs to look the part and will need tolerance and a positive attitude.  A good 
salesperson is enthusiastic from the welcome to the thank you.  Above all else customers appreciate courtesy.    
 
 
 
________________________________________________________________ 
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________________________________________________________________ 
  


Review 
 
A. In a retail nursery, what two things are important for customer’s first impressions? 
 
 1.  __________________________________________________________________________________ 
 
 2.  __________________________________________________________________________________ 
 
 
B.  What are the three main roles of a salesperson? 
 
 1.  __________________________________________________________________________________ 
 
 2.  __________________________________________________________________________________ 
 
 3.  __________________________________________________________________________________ 
 
 
 
C. Define the main aspects of the Consultant role in a retail nursery. 
 
 _____________________________________________________________________________________ 
 
 _____________________________________________________________________________________ 
 
 
D. Describe the difference between and open and closed question. 
 
 _____________________________________________________________________________________ 
 
 _____________________________________________________________________________________ 
 
 
E.  What is the most common reason people do not return to a retail store. 
 
 _____________________________________________________________________________________ 
 
 _____________________________________________________________________________________ 
 
 
 
F.  What three things should you avoid doing when dealing with a customer’s complaint? 
 
 1.  ___________________________2.  ______________________3.  _____________________________ 
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 NURSERY MARKETING AND MERCHANDISING 
 
 Adapted From the California Retail Nurseryman's Manual 


Original Authors:  Toby Green and Dale Bachman 
         Revised by the Montana Nursery and Landscape Association 2002 


Nick Engler, Shelly Engler, Mary Keck 
  
 


Marketing is a comprehensive mix of business activities which involve planning, pricing, 
distribution, and promotion of desirable goods and services.  The 4 P's of the Marketing Mix include: 
 
PRODUCT Desirable goods and/or services. 
 
PRICE Pricing strategies to meet the wants of the market and provide a satisfactory profit and return on 


investment. 
PLACE Distribution channels and physical location of store/outlet. 
 
PROMOTION Advertising; sales promotion (contests, events, coupons, rebates, etc.); publicity/public relations 


media coverage that is not directly paid for; and consultant sales. 


 
Display Selling and Maintenance 


There are various methods of promoting a garden center in order to entice potential customers into the 
parking lot.  Once inside the store, however, customer dollars are won or lost by professional salespeople and the 
displays.  Bear in mind that first impressions are all important. 
 


One goal of a display is to create buying impulses by suggesting purchases that a customer did not intend to 
make. 
 


A second goal is to inspire customers to buy more than they expected by linking or associating products, 
which help each other, such as fertilizer and bedding plants.  A third goal is to make products attractive and easily 
available without the appearance of being 'dumped' into a basket or on a plant bed. 
 


The display philosophy of a particular nursery will depend upon company policy.  Some organizations 
prefer a simple 'stack and sell' approach while others have a supermarket grid system of beds.  Many garden centers 
and nurseries are now developing themes for displays, which informally suggest uses, or groupings for products or 
plants. 
 


Whichever policy is adopted by the business, salespeople have the responsibility to insure that all displays 
are constructed and maintained to the highest possible standard.  Badly maintained or messy displays result in fewer 
dollars taken in at the cash register. 
 


Customer or Traffic Flow 
 


Every square foot of space in a nursery costs money.  If at all possible, all areas should pay their way, 
although in reality all nurseries and garden stores have their dead areas.  The first step in identifying dead areas and 
improving their performance is to plot the flow of customers through a store.  Objective traffic analysis can be 
difficult for employees already involved in business activities. 
 


The best option is to assign the manager or an employee to the specific task of traffic analysis.  Provide 
copies of the nursery floor plan and have the observer mark the path taken by customers, noting areas where 
purchases were made or where customers showed obvious interest or lack of interest.  Another option would be to 
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provide people who are not associated with the nursery copies of the nursery floor plan and ask them to chart their 
expected path. 
 
Some useful pointers to look for are: 
 


Upon entering the nursery, most customers walk away from, or skirt around the cash registers. 
 


Narrow pathways look uninviting.  This feeling is increased when goods or plants are stacked higher than 
normal. 


 
Customers tend to browse only in areas of quiet traffic flow or where paths are widest. 


 
Dead ends, or paths that appear to be dead ends are not inviting to customers. 
 
Many customers will not venture through areas of tall plants or where they cannot see their way out of the 
section.  If there is a shortcut to avoid such an area, most people will take it. 


 
Adjustment space at the entrance to a center or section allows people to take a few steps or moments in 
adjusting to changes in light, noise, heat, etc.  During adjustment, customers will not be looking at 
merchandise unless the display is overwhelming. 


 
Most customers avoid badly lit, neglected, or cluttered areas. 


 
Wet, shiny, or slippery pathways make people unsure and some customers avoid them. 


 
Uninteresting vistas down paths or aisles deter people from shopping in those areas. 


 
Open sight lines are important.  Tall displays or plants create 'shopping shadows' behind them and should 
be avoided. 


 
Negative signs on displays about terms of sale deter customers from returning. 


 
Overflow inventory in pathways or goods left by customers can interfere with a carefully planned customer 
flow. 
 


Hot Spots and Dead Spots 
 


The main purpose of doing a customer flow analysis is that it highlights the areas, which provide maximum 
exposure to customers (hot spots) and the areas of poor exposure (dead spots). 


 
Hot spots are traditionally found where traffic is heavy, such as around the ends of islands, beds, and 


gondolas, or in other main viewpoints around the nursery.  Most impulse sales are made from hot spots, so it is 
essential for all salespeople to know which areas are hot and which are not. 


 
Dead spots are areas that are not visited or noticed by many or most customers.  Major reasons for dead 


spots are:  1) geographical - dead corners, shadows behind high trees or dead ends, 2) poor lighting, 3) merchandise 
out of easy reach, 4) merchandise below or above eye level, 5) too wide a bed and, 6) too long a shelf.  Dead spots 
can result in a considerable amount of expensive sales area not living up to its potential. 
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Display 
 
To be successful, a nursery must have the right products, in the right places, at the right times.  Educating employees 
about the kinds of items that their nursery sells can enhance sales and the kinds of purchases customers make. 
 
 
Impulse Items 
 


All green and dry goods can be classified as either impulse or purpose items.  An impulse item is one that is 
purchased by a customer who did not intend to buy that particular product on that particular day.  Customers may 
have it in mind to replace a rose bush with a mockorange but only when they see and smell the mockorange in the 
nursery will they actually decide to buy it.  Other items, such as colorful flowering plants, are bought on an even 
stronger, 'instant' impulse reaction.  If an impulse is not visible or available without a search, there will be no 
impulse and no purchase.  Impulse items should, therefore, be placed in hot spots.  In some cases, however, 
customers who have the impulse to buy an item (a large patio plant, for example) will want to browse while picking 
out a particular plant.  Not only is a clear sight line critical for the customer to catch the impulse, but browsing space 
must also be provided.  Consequently, some vista lines should end with browsing areas for large items. 
 


Surveys show that over 60% of all non-food merchandise bought in the U.S.A. is bought on impulse.  
Impulse items are usually highly decorative or appear to be good values.  If customers, however, are overwhelmed 
with walls of color and impulse items when they step into a nursery, there is a danger of higher priced items, such as 
furniture, large shrubs, and shade trees, being obscured.  Customers who are overwhelmed with low-cost impulse 
items will spend less, reducing the dollar sale per customer. 
 
 
Staple Items 
 


In the supermarket, staple items are things such as bread, meat, dairy products, produce, and breakfast 
cereals.  In the garden center, staple items include chemicals, tools, bedding plants, and containers.  Customers will 
search out these items, but no one wants to shop where there is an obstacle course.  To be easily seen and found, 
such items should be well marked with signs, even though not necessarily located near entrances or in hot spots.  By 
placing staple items at the ends, corners, and sides of sales areas, customer flow is encouraged around a greater 
portion of the nursery, provided these items are clearly marked and displayed in an attractive manner. 
 


Some basic items are very, very price sensitive, and price becomes the main motive to buy.  If promotions 
by a garden center are aimed at creating price awareness of a certain product line, that line can be used to pull traffic 
into a quiet or dead spot, but only if the merchandise and its price are very obvious. 
 


Generally speaking, impulse items are not extremely price sensitive.  In this respect color, suggested uses, 
and attractiveness of the products should be the central message in displaying impulse items. 
 
 
Browse Products 
 


Browse items are those which customers do not make quick decisions about.  Sometimes customers need 
time to read instructions on packets or supporting literature.  Browse items can be as large as a $1000 set of patio 
furniture or as small as a 65-cent packet of seeds.  Provide customers time and, above all, space to select browse 
items.  Never put the items in areas of high traffic flow, narrow areas, hot spots, or near the cash register.  Such 
placement will deter customers from shopping and these goods will not sell very well.  For example, seeds placed 
near the cash register for security reasons will not sell as well as if placed in a browse area (which should still be 
'open' to deter shoplifting).  Garden centers can increase browse sales by providing seats for customers to sit and 
read through books or seed packets. 
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Companion, Tie-In or Associate Products 
 


As the name suggests, these are products that go together in customers' minds, or could go together if the 
display suggests it.  Frequently, a link is created between a dry or non-plant item and a plant.  To make this tie-in, 
use a flexible display approach rather than one that places all dry goods inside and all plants outside.  Companion 
sales are common in other retail businesses and could be used more often in nurseries to increase the dollars spent 
per customer.  Useful companion or tie-in sales are: 
 


Trees - tree stakes, ties, fertilizer, mulch  
Foliage Plants - leaf shine, fertilizer, containers 
Bird Feeders - bird food, bird books 
Bedding Plants - fertilizer, labels 
 


Types of Displays 
 
'Stack and Sell' Approach 
 


For certain product lines, stack and sell displays can be very effective if built correctly.  Fertilizer and soil 
amendments are good examples of stack and sell items.  End caps at the ends of benches or islands within the store 
are ideal places for displays of boxed lawn seed, fertilizers, or chemicals.  Bedding plants can be arranged on 
stacked shelves, as can colorful flowering plants - another high impulse item.  The important points for success with 
this method are that displays be built safely and look touchable to customers.  Facing the product towards the usual 
customer view line is an important point to remember. 
 
 
Grid System 
 


Grid systems are often used in super-markets, and many garden centers have adopted this type of layout.  
For staple items it can be effective, provided that signs are clear and the items are accessible.  If a nursery uses a grid 
system for either dry goods or plants, it must encourage customers to walk methodically up and down each aisle.  
Aisles must be wide enough to be inviting and colorful.  Interesting displays must be in view at regular intervals.  
Some nurseries combine a grid method with alphabetical staging of plants, which may create difficulties in keeping 
displays interesting and attractive.  Although labels or color pictures enhance sales in any system, they are 
particularly useful in a grid system where items can appear uninspiring to customers. 
 
 
Grouping By Use 
 


This idea can be used to make an area of staple items more interesting.  In response to customers' reasons 
for visiting garden centers, merchants can group products with similar uses to make them easier to locate.  An 
example is a lawn care center that displays grass seed, sod, fertilizer, lawn herbicides, lawn pesticides, lawn tools, 
and lawn books.  Another grouping to make life easier for those customers who have a complete job in mind would 
be to create a home-landscaper section which includes brick, paving material, patio rock, tubs, planters, and larger 
landscape-size plant material. 


For plant displays, create beds or groups of low growers, privacy plants, plants with fragrance, herb 
gardens, and so on.  Group displays can be difficult to maintain and can create inventory headaches, but they do 
make shopping more interesting for customers. 
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Grouping By Theme 
 


Furniture stores use an extension of the grouping-by-use display method.  They do not line up tables by the 
dozen, but surround them with tie-in items, such as bookshelves, coffee tables, and silk plants to simulate a room in 
a house.  By doing this, a store gives ideas to customers and does not just provide what they have already decided to 
buy.  Many customers visit nurseries to get ideas and inspiration.  By grouping plants, tubs, and furniture, and by 
recommending which types of plants or species look good together, garden centers give ideas and inspire customers 
to buy more than planned.  Examples of theme groupings are 'Your Fall Color Corner,' 'Patio and Poolside,' and 
'Gourmet Garden Collection'.  Theme gardens can either be for display only, with a sale area adjacent to the display, 
or items may be sold from the display.  If the second option is adopted, it is very important to make the display look 
'disturbable.'  If the display is too neat and undisturbed, customers will not pull plants or dry goods out of it. 
 
Rules of Display 
 


Most garden centers use a mixture of display styles depending upon availability of sales personnel and the 
area available for display.  Whichever styles are used, basic rules of display should be followed. 
 
Color 
 


Correct colors are unnoticed and taken for granted by customers.  The wrong colors make them uneasy or 
disinterested.  Colors can change with the seasons and situations.  Warm colors, such as red, brown, and gold, can be 
used to attract attention to dead spots or distant vistas.  Remember that red is associated with excitement, danger, 
passion, and increasingly with low price (sale ticketed items are never blue!). 
 


Cool colors, such as blue, white, and green, often give a feeling of distance or space in a small or enclosed 
area.  Generally speaking, these colors should not be used in dead spots, vistas, darker, or shady areas.  Seasonal use 
of colors is valuable. 
 


Winter: Cool colors to reflect the season with sparks of warmth (red houseplants) 
 


Spring: Bright yellows, pinks, and greens to bring freshness to displays 
 
Summer: Lilacs, pinks, and other pastel shades to cool down the hot months 


 
Fall: Natural shades of brown, bronze, and gold to reflect the season 


 
 
Orientation of Goods 
 


All goods should be faced so that the front of the product or plant faces the most common sight line from 
the customer's viewpoint.  Some businesses leave one or two gaps in a shelf or bed to suggest that someone else has 
just bought a similar packet or plant.  This practice can help to instill customer confidence in a product. 
 


There are different theories about whether to block dry goods vertically or horizontally.  In vertical 
blocking, small sizes are on top shelves, medium-sized packets on middle shelves and large items on bottom 
shelves. With horizontal blocking, a range of different sizes of the same product are displayed side by side at the 
same level.  Vertical blocking tends to be more popular with nursery businesses, but whatever method is chosen, the 
display should look tidy. 
 


With a long gondola or plant bed (over 30 feet), there is a tendency for customers to 'switch off' and not 
look at products in the middle of the display.  This tendency is especially noticeable with endless rows of seed 
packets or chemical bottles.  To help overcome "switch off", something visually different can be displayed every 10 
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to 15 feet along a gondola or bed.  The effects of hanging mini-sprayers, bags of potting mix, or books is to bring the 
eye of the customer back to the display and to start looking at the merchandise in more detail. 
 


Research from supermarkets has shown that only items displayed at a certain height get full attention from 
customers.  Within a given display, sales decrease by about 30% for items displayed above eye level and as much as 
80% for items on the floor, as compared to items displayed at eye level.  Consequently, items offering the greatest 
potential profit to a nursery should be placed in prime sales areas.  Areas above a prime sales area can be used for 
tie-in sales, such as sprayers or seed flats.  Slower moving or larger mark-up items can be placed on lower shelves, 
although if the slower-moving items are not tied-in or associated with the other items in the display, it may be better 
to block off the lower shelves and use them for storage. 
 
Theme or Message 
 


All displays say something to a customer, depending upon the merchandise, color, arrangement, and price.  
Bear this fact in mind when building a display, particularly one involving plants and dry goods which tie-in together.  
The message will come, in part, from signs, but the style and organization of a display sets the tone of the message.  
Stand back as you organize the display and ask yourself, "Is the message clear?  Does the display say what I want it 
to say?" 
 
Maintaining Displays 
 


Displays can look good on Monday morning, but by Sunday afternoon displays can look 'tired'.  Someone 
in each department should have the responsibility for regularly replenishing, dusting, cleaning, pricing, and 
replacing labels in their respective displays.  This practice applies to green goods as well as dry goods.  Dirty pots, 
unlabeled or unpriced plants, or container plants infested with weeds turn customers off rapidly.  Restocking both 
dry and green goods should be regular and objective.  All employees involved in restocking should know exactly 
what constitutes unsalable goods and what the company policy is regarding unsalable goals and restocking.  All new 
merchandise should be placed at the back of the existing items. 


 
________________________________________________________________
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_________________________________________________________________
 Chapter Review 
 
 
A. What are the two goals in displaying merchandise? 
 


1. __________________________________________________________________________________  
 


2. __________________________________________________________________________________ 
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B. List at least five factors influence traffic flow?   
 


1. __________________________________________________________________________________  
 


2. __________________________________________________________________________________ 
 
3. __________________________________________________________________________________  


 
4. __________________________________________________________________________________ 
 
5. __________________________________________________________________________________ 
 


 
C. Describe the concepts of: 
 


Hot Spots ____________________________________________________________________________ 
 


Dead Spots ___________________________________________________________________________ 
 
 
D. Describe the following types of sales: 
 


Impulse Items _________________________________________________________________________ 
 


Staple Items __________________________________________________________________________ 
 


Browse Products ______________________________________________________________________ 
 


Tie-ins _______________________________________________________________________________ 
 
 
E. Describe the following types of displays and how they can be used: 
 


Stack and Sell _________________________________________________________________________ 
 


Grid System __________________________________________________________________________ 
 


Grouping by Use _____________________________________________________________________ 
 


Grouping by Theme ___________________________________________________________________ 
 
 
F. Explain the following rules of display: 
 


Color ________________________________________________________________________________ 
 


Orientation __________________________________________________________________________ 
 


Theme or Message ____________________________________________________________________ 
 


Maintenance _________________________________________________________________________ 
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TURFGRASS MANAGEMENT 
 


Original Author:  Darwin McKay 
Revised by the Montana Nursery and Landscape Association 2002 


Bob Gough, Nick Engler, Mary Keck 
 


 
 


General 
 
 Lawns enhance the beauty and utility of the landscape.  A carpet of grass reduces dust, mud, erosion, heat, 
glare and noise.  Lawns provide suitable areas for outdoor recreation and relaxation.  Grasses also produce oxygen 
and consume carbon dioxide, thus contributing to efforts to reduce global warming trends. 
 
 In the landscape, lawns provide the setting for all landscape elements - trees, shrubs, flowers, and buildings 
- so that unity is apparent.  Imagine a lawn as the carpeted floor of an outdoor living room.  It should be pleasing to 
the eye from early spring to late fall.  Turf is a complex ecosystem, however, and requires careful management to 
remain healthy and attractive. 
  
 
 


Botanical Characteristics 
 


High-quality lawns are composed primarily of one or more perennial grass species.  Although some 
homeowners prefer to include clover or other broadleaf plants in a lawn area, the focus of this chapter is on 
turfgrasses and broadleaf components will not be discussed. 
 
 Botanically speaking, grasses are monocots.  As such, they have long, narrow leaves with parallel veins.  
The leaves and roots join at a compact crown.  Grass plants may form bunches or tufts, or they may spread to form a 
sod.  Spreading may occur either by above ground stems (stolons) or underground stems (rhizomes).  Some grasses 
spread by both rhizomes and stolons.  Typical bunch and spreading grasses are shown in Figure 15-1. 
 
 Grass leaves consist of several parts.  The leaf sheath is a cylindrical portion surrounding the stem and its 
growing point.  The sheath arises at a node and ends in a pale-colored region, the collar.  The collar is transitional to 
the outer, usually flat portion of the leaf - the blade.  The collar usually has a membranous outgrowth or ligule.  In 
ryegrass and certain other grasses, the collar produces small, clasping outgrowths, which are the auricles. 
 
 The leaves may have parallel or tapered margins, with tapered, boat-shaped, or pointed tips.  Before the leaf 
unfolds, the new leaf blade is rolled in some species, folded in others.  General leaf characteristics are shown in 
Figure 15-2. 
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Figure 15-1. Examples of typical bunch grasses (A) and grasses that spread by stolons (B) and 
rhizomes (C). 
 
 
 
 


 
 
Figure 15-2. General leaf characteristics
 







15-3 


Selecting a Variety 
 
Selecting the proper species and varieties of grass are critical to the establishment and maintenance of a 


high-quality lawn.  Make sure that the grass or grasses you select are adapted to your climate, specific site, and 
intended use. 
 
 In terms of climate and site, take into account minimum winter temperatures, summer high temperatures, 
amount of available water and soil moisture-holding capacity, and the amount of sun or shading. 
 
 Decide what your intended use is before you select a variety.  Will the grass have to withstand heavy 
traffic, such as a playground, or simply serve as a backdrop in a landscape?  Will the turf be kept mowed very short 
or can it grow somewhat taller? 
 
 Five kinds of turfgrasses are commonly used in Montana and Idaho:  Kentucky bluegrasses, fine-leaf 
fescues, tall fescues, bentgrasses and perennial ryegrasses.  In addition, buffalograss and other drought-tolerant 
species are gaining popularity for water-conserving, low-maintenance lawns.  Distinguishing traits of selected 
turfgrass species are summarized in Table 15-1. 
 
 Turfgrasses may be established alone but are more often blended with other varieties or other species.  
While many of these blends have merit, be sure that all of the species and varieties used in a blend are adapted to the 
site and will provide a uniform, durable, attractive turf. 
 
 Some turfgrasses such as tall fescue, creeping fescue and perennial rye have symbiotic associations with 
endophytic fungi. A symbiotic relationship is a relationship between two organisms that is usually mutually 
advantageous. An endophyte is an organism living within a plant.  Endophytic fungi provide certain benefits to the 
host grass and are generally considered to be desirable.  See page 15-19 for more information on endophytes. 
 
Kentucky Bluegrass 
 
 Kentucky bluegrass is an aggressive grower under favorable conditions and can spread rapidly by 
underground creeping rhizomes.  Therefore, it can heal injuries and fill in bare areas quickly.  Most bluegrass 
varieties produce dense turf when mowed at 2 1/2 to 3 1/2 inches but some varieties can be successfully maintained 
with lower mowing heights.  Kentucky bluegrass grows most rapidly during cool, moist weather and will go 
dormant in periods of heat and drought.  This grass prefers full sun.  It should be sown at 1-2 pounds per 1000 sq. ft. 
for pure stands but can be blended with other species. Most sod grown for commercial sale is Kentucky bluegrass. 
 
 Kentucky bluegrasses are the most widely used lawn grasses in Idaho and Montana.  When managed 
properly they produce a dense, vigorous, durable, and attractive turf.  They require moderate to high levels of 
nutrition and moisture, and perform best in a deep, well-drained loam soil.  They are quite winter hardy and are 
moderately resistant to drought, diseases, and pests.   
  
Tall Fescues 
 
 Turf-type tall fescues have been developed from selections of pasture and forage tall fescues.  Plant 
breeders through hybridization and other techniques have modified these grasses substantially to produce acceptable 
turfgrasses.  Tall fescue was selected by plant breeders because of its disease and insect resistance, durability, and 
survivability under severe conditions of heat, drought, poor soils, salt, and shade.  Varieties of tall fescue have been 
selected for their deep root systems, drought tolerance, leaf texture and slow growth habits.   
 
 The drought avoidance system of tall fescues involves closing the stomata, thereby retarding moisture loss. 
Stomata are the small pores in the leaves through which water and gases diffuse.  These grasses maintain an 
acceptable green color during periods of summer heat stress when other ornamental turf grasses may become 
unattractive. The seed should be sown thickly at approximately eight pounds of seed per 1000 sq. ft.  Tall fescue is 
generally sown alone, but blends can be successful.   
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Perennial Ryegrasses 
 
 Perennial ryegrasses are bunch grasses that can produce excellent turf.  They may be used alone or in 
mixtures with bluegrasses when fast establishment and ground cover are important. Improved perennial ryegrasses 
have been developed that have fine texture and good wear tolerance.  When properly managed, they make an 
attractive turf.  The common seeding rate is 4-5 lb. per 1000 sq. ft. 
  


Ryegrasses are not as cold hardy as other cool-season turfgrasses, but are suitable in areas where 
temperatures do not drop below -30 F. Perennial ryegrasses tend to die out after 4-6 years. Some ryegrasses contain 
beneficial fungi, called endophytes, which are important in pest and disease resistance.   
 
Fine-leaf Fescues 
 
 Fine-leaf fescues, which are most frequently used in mixtures with bluegrasses, are generally more drought 
tolerant than other turfgrasses.  They are also more tolerant of shade and generally perform well on northern 
exposures of buildings or under shade trees.  When managed properly they make an excellent turf.  Like perennial 
ryegrass some fine fescues contain endophytes that play key roles in pest and disease resistance. Fescues are usually 
seeded at the rate of 3-4 lb. per 1000 sq. ft. 
 
 Three species of fine-leaf fescues are used for turf: creeping red fescue, chewings fescue, and hard fescues.  
Creeping red fescues have a spreading or rhizomatous system and will spread over damaged areas of the lawn.  
Chewings fescues are bunch-type species that don’t spread unless they are allowed to go to seed.  This species 
should be planted thickly enough to ensure a dense and even turf.  Hard fescues are also bunch-type, make an 
excellent turf, have extensive root systems and tolerate drought conditions.  The hard fescues are best for shady 
areas.  
 
Bentgrasses 
 
 Bentgrasses require extra management and care, including frequent mowing, close mowing, frequent 
watering, and relatively heavy rates of fertilizers.  When given proper management, they produce the fine, beautiful 
turf found on some golf greens or specialty lawns. They are not commonly used for home lawns. The bentgrasses 
are generally more susceptible to winter diseases and are less hardy than other common turfgrasses. Because of their 
specialized management requirements bentgrasses should be planted alone and not mixed with other grasses.   
Bentgrasses can be very invasive and quickly take over large areas of lawn, but unless their special care 
requirements are continuously met they die out and leave large bare areas.  Bentgrasses are seeded thinly at a rate of  
½ lb. per 1000 sq. ft. 
 
Buffalograss 
 
 Buffalograss use in lawns has increased because it withstands heavy traffic, tolerates heat and cold 
extremely well, requires little or no irrigation once established, controls weeds, resists diseases and pests, doesn't 
require fertilization, reduces the need for frequent mowing, and doesn't require thatching.  It's an aggressive grass 
that quickly recovers from injury, but is considered non-invasive and is easily controlled around flowerbeds and 
sidewalks. It does best under arid conditions and does not do well with heavy irrigation.  
 
 Because it is a warm-season grass, buffalograss doesn't green up as early in the spring as do the cool-season 
grasses described above, but remains a golden-brown from late fall into the spring. Adequate irrigation will delay 
browning and give a more attractive appearance later into the fall.  It requires full sun and doesn't tolerate shade.  
Buffalograss naturally grows about 4 inches tall, but can be mowed to about 1.5 inches. 
 
 Although many species of grasses have commonly been called buffalograss, Buchloe dactyloides is the 
species discussed here.  Buffalograss is native from central Montana and Idaho to western Minnesota and 
northwestern Iowa, south to western Louisiana, Texas, Arizona, and northern Mexico.    
 
 Buffalograss occurs mostly on soils of high clay content and is tolerant of some salinity.  It does not occur 
on sands and does not succeed on sandy soils. 







15-5 


  
  
 Sodding, seed, plugs, or stolons are used to establish buffalograss lawns.  Plugs or sod pieces are the most 
practical.  Establishment is less effective when stolons are used alone.  Plugs or seed should be placed in a prepared 
seedbed for best results.  Sod pieces or plugs about 3 or 4 inches in diameter placed one foot apart usually produce a 
complete sod cover by the end of the growing season.  When establishing a lawn from seed, plant in late spring 
using locally adapted seed for best results. Weed control and watering during dry periods are important in 
establishing a continuous sod in one season in semiarid regions. 
 
 
Blends of Grasses 
 
 Lawn grass seed is frequently packaged and sold as blends of two or more varieties of the same species or 
as blends of several species.  One common blend is Kentucky bluegrass and creeping red fescue. Blends of two or 
three bluegrasses are also packaged. While many turfgrass varieties are excellent performers, seed blends provide 
more genetic variability and may adapt better to a given site than a monoculture of a single variety or species. Be 
sure that all of the species used in a mixture and varieties used in a blend are adapted to the site and will provide a 
uniform, durable, attractive turf.   
 


From the standpoint of appearance, ryegrasses and Kentucky bluegrasses mix very well and complement 
one another by offsetting each other's weaknesses.  For example, Kentucky bluegrasses characteristically have only 
moderate disease and pest resistance, and exhibit poor tolerance of traffic, shade, and drought, as well as a tendency 
to develop thatch.  Perennial ryegrass, on the other hand, performs well in these areas.  Ryegrass also grows faster 
than bluegrass and its thick, fine texture provides an excellent appearance. Kentucky bluegrass/perennial ryegrass 
seed blends often contain 40 to 60% ryegrass. 
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____________________________________________________________________________________________ 


Review 
 
A. Describe the following types of grasses, giving at least one example of each. 
 
 Bunch Grass ______________________________________________________________________ 
 
 Stoloniferous Grass ________________________________________________________________ 
 
 Rhizomatous Grass ________________________________________________________________ 
 
B. Draw typical grass plants showing stolons and rhizomes.  Include a close-up, identifying the blade,  
 collar, ligule, auricle, and sheath. 
 
 
 
 
 
C. Write a short description, including typical uses, advantages, and disadvantages of each  


of the following grasses. 
 
 Kentucky Bluegrass _______________________________________________________________ 
 
 ________________________________________________________________________________ 
 
 Perennial Ryegrass _________________________________________________________________ 
 
 ________________________________________________________________________________ 
 
 Tall Fescue ______________________________________________________________________ 
 
 ________________________________________________________________________________ 
 
 Creeping Red Fescue ______________________________________________________________ 
 
 ________________________________________________________________________________ 
  
 
 Buffalograss _____________________________________________________________________ 
 
 ________________________________________________________________________________ 
 
  
D. Explain why grass blends are used, listing typical examples of such uses.  _________________________ 
 
 ____________________________________________________________________________________ 
 


_____________________________________________________________________________________ 
 
 







15-7 


Establishing a Lawn 
 
Preparing the Site 
 
 Completely remove all trash and debris from the future lawn area. To ensure proper drainage, slope the 
lawn area away from the house, dropping 3 to 5 inches per 100 feet.  Avoid steep, difficult-to-maintain slopes if 
possible.  Terraces can be used to break up long slopes. 
 
 Provide for adequate soil drainage and prevent future water pockets by filling in depressions.  All extensive 
fills and trenches for water and sewer lines must be thoroughly filled, packed and settled before planting to avoid 
future depressions in the lawn. 
 
 Get weeds under control before seeding.  Contact herbicides may be used to control deep-rooted perennials, 
such as bindweed and quackgrass.  If weed infestations are bad, 2 or 3 applications at 2 to 3-week intervals may be 
necessary.  Allow several weeks after the last treatment for the herbicide to dissipate before the lawn seed is planted.  
Always follow label directions. 
 
Applying the Topsoil 
 
 Under many conditions in Montana and Idaho applying 6 to 8 inches of topsoil to new lawn sites is 
desirable.  The added topsoil should be free of stones and debris.  A sandy topsoil with added organic matter has 
good aeration, good water drainage, and is less likely to compact than a heavier clay soil.  Mix the added topsoil 
(including amendments) thoroughly into the top 6 to 8 inches of soil. Adding topsoil that is drastically different from 
the underlying soil can cause a layering effect that disrupts air and water movement through the soil.  The final 
surface should be smooth and firm, and should slope away from the house.  The topsoil should be at least 6 inches 
below the house siding and 1 to 2 inches below established sidewalks. 
 
Installing the Sprinkler System 
 
 Supplemental irrigation is necessary in Montana and Idaho to establish and maintain a healthy lawn.  
Portable sprinklers or an underground sprinkler system may apply supplemental water.  
 


 An underground system should be installed after the final grade has been established and before the grass 
is seeded or sod applied.  After the irrigation system is in place, make certain that all the holes and trenches are filled 
and settled by tamping or soaking to avoid future setting.  Whatever irrigation system is selected, make sure you can 
provide a thorough, uniform application of water. 
 
Applying Starter Fertilizers 
 
 Starter fertilizers should be applied during the final stages of seedbed preparation, 1 to 2 weeks before the 
lawn is planted.  Have soil samples analyzed by a laboratory to determine the appropriate plant nutrients or soil 
amendments needed for optimum growth. State Cooperative Extension offices can provide information on soil 
sampling and analysis. 
 
 Starter fertilizers are usually mixtures of nitrogen, phosphorus, and potassium. A good starter formulation 
is 16-20-10 applied at 1 to 2 pounds of nitrogen per 1,000 square feet of lawn area. This fertilizer should be raked or 
tilled into the upper 4 inches of soil about one week before planting.   Water thoroughly after the fertilizer is 
incorporated.  Phosphorus is relatively immobile in many soils and must be present in the root zone to be effective. 
 
Seeding 
 
 The best time to seed a lawn in Idaho and Montana is late August to mid-September, about 1 month before 
freezing temperatures are expected.  Fall conditions are often dry, so frequent light sprinkler irrigation (several times 
a day) is necessary to promote rapid seed germination and growth.  Once the seed germinates the seedlings must be 
kept constantly moist or they will die. Germination rates vary according to the type of seed used. Ryegrass can 
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germinate in a week, while bluegrasses can take up to three weeks to germinate. Germination will be slower at 
cooler temperatures.Turf may also be seeded in the spring after the soil is warm and workable.  Allow time for the 
rough grade to settle. Preparation the previous fall would allow for maximum settling.  As soon as the soil warms in 
early spring, weed seeds will germinate and a final seedbed preparation may be necessary to ensure a clean site. 
 
 Grass seed is best sown with a mechanical seeder, although small areas can be seeded by hand.  Calibrate 
the grass seeder carefully and plant one-half of the seed while traveling in one direction and the remainder in the 
opposite direction. If possible, plant different species of grass separately since seed sizes vary. This is not possible 
with many blends of grass seed.  
 
 After sowing, rake the soil surface lightly but not more than 1/4 inch deep.  After raking, roll the surface to 
firm the seedbed and to ensure firm contact between the soil and seed.  Rolling is especially important in light, 
sandy soils.  Do not work the soil when it's wet and likely to crust. 
 
Mulching 
 
 After planting you may want to mulch the seed area to ensure uniform and rapid germination and 
establishment.  Mulch reduces moisture loss and controls water and wind erosion of the new seedbed.  Controlling 
wind and water erosion is especially important in fall-seeded lawns.  Peat moss, applied at the rate of 50 pounds per 
1,000 square feet, is a good mulching material.  Apply clean, weed-free straw at a rate of 75 to 100 pounds per 1,000 
square feet.  Other mulches include sawdust and shredded bark. When using mulches apply starter fertilizers as 
described above to avoid depleting the soil nitrogen. 
 
Sodding 
 
 Sodding has become popular way to establish lawns. Sodding is desirable on steep slopes and where 
complete cover is needed immediately.   Most turf farms produce Kentucky bluegrass sod. Some specialized farms 
produce sod of several turfgrass species. 
 
 Sodding costs more than seeding but results in an "instant" lawn.  Advantages include reduced opportunity 
for weed invasion, reduced mud problems and uniform establishment. One often-neglected factor in sodding is soil 
preparation.  A sodded lawn requires the same soil preparation as a seeded lawn.  Areas to be sodded should have 
fertilizer tilled into the soil, just as in seeding, according to soil test recommendations for that soil.  An application 
of 1/2-pound nitrogen per 1000 square feet can be applied immediately to newly sodded turf. 
  
 Sod can be installed any time the ground isn't frozen, however sufficient water is critical.  For sodding 
during hot, dry periods, you'll need irrigation equipment capable of keeping the sod moist.  
 
The following steps should be followed when installing sod: 
 
1. Lay sod immediately - don't allow it to remain stacked and rolled for more than two days, and then only 


when absolutely necessary. 
 
2. Lay sod on moistened soil.  Stagger the joints and fit the pieces as closely together as possible.  Use short 


wooden pegs spaced one foot apart to anchor sod on a steep slope. 
 
3.    Soak the turf immediately after laying the sod and water it daily (unless it rains) until the sod is firmly 


rooted into the soil (two to three weeks or longer).  Once the turf is established, treat the sodded area as you 
would any established lawn. 
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Hydroseeding 
 
 Hydroseeding is the process of mixing water, mulch and seed together to form a thick slurry. The mixture 
is sprayed under pressure onto bare soil.  The mulch creates a mat that holds the seed in place, retains soil moisture, 
resists wind and water erosion, and creates a favorable environment for seed germination. The mulch is usually 
made from wood fibers, chopped newsprint or chopped cardboard. Fertilizers are sometimes used in the slurry but 
fertilizing about two weeks after seeding is suggested.  
 
Vegetative Planting 
 
 Besides using sod there are several methods of establishing a turf using vegetative plant parts, rather than 
seed.  Some grasses can be established from stolons, sprigs or plugs.  Propagation with stolons is the most 
commonly used of these methods.  Vegetative planting methods are most commonly used with the warm season 
grasses such as buffalo grass. 
  
 For vegetative planting, prepare the soil as if it were to be seeded.  The stolons, available from specialized 
root nurseries, are usually shredded in 3- to 6-inch lengths and bagged.  Approximately 8 to 10 bushels of stolons 
are necessary to plant 1,000 square feet.  Spread the stolons uniformly over the area and press them into the upper 
inch of soil with a disk-like roller.  Water frequently and mulch, if necessary, during drought periods.   
 
___________________________________________________________________________________________ 


Review 
 
A. List four steps that should be taken before spreading topsoil when establishing a lawn. 
 
 1. ________________    2. _________________    3. _________________    4. _________________ 
 
B. Describe suitable grass seed for a high-use playground area.  __________________________________________ 
 
    __________________________________________________________________________________________ 
 
    __________________________________________________________________________________________ 
 
C. Describe what a starter fertilizer is and make a recommendation for its use in establishing a lawn. 
 
    __________________________________________________________________________________________ 
 
    __________________________________________________________________________________________ 
 
D.  What are the best times to seed a lawn in Idaho or Montana?   
 
    __________________________________________________________________________________________ 
 
    __________________________________________________________________________________________ 
 
E. What are the advantages of sodding a lawn? 
 
    __________________________________________________________________________________________ 
 
    __________________________________________________________________________________________ 
 
F. List three advantages of hydroseeding over conventional seeding techniques.  ____________________________ 
 
    __________________________________________________________________________________________ 
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Maintaining the Lawn 
 
Fertilization 
 
 Turf fertilizers are commonly sold in mixtures of N-P-K-S.  Laws require that the percentages of these 
plant nutrients be shown on the bags.  A complete fertilizer for maintaining an established lawn should have an N-P-
K-S ratio of 3:1:2:2.  Detailed information on determining fertilizer needs for turfgrasses is given in Chapter 3 of 
this manual. 
 
 Many soils in low rainfall areas have a relatively high pH. When soil pH is higher than desired, it may be 
lowered temporarily in a lawn area by applying elemental sulfur or fertilizing regularly with ammonium nitrate. 
Soils, however, have a tremendous buffering capacity (resistance to change) and tend to revert to their natural pH, 
especially when irrigation waters are also alkaline. For these areas, select grass varieties that are adapted to higher 
pH soils and high summer temperatures.  Some horticulturists also recommend applying iron and zinc to lawns 
growing on alkaline and calcareous sites.  Iron is typically applied to the soil as ferrous ammonium sulfate at 4 to 5 
pounds per 1,000 square feet of lawn.  Under high pH soil conditions, the added micronutrients are quickly tied up 
in the soil and applications will have to be repeated. 
 
 Few Montana and Idaho soils are too acidic (below 5.5) for grass growth.  If such soils are found the pH 
can be increased to a desirable level by adding lime.  Determine the amount of lime needed by having a liming 
requirement soil test performed by a reputable laboratory.  Try to attain a final pH of about 6.0.  Periodic liming will 
probably be required in naturally acidic soils.  See Chapter 1 for more information on soil pH.   The following tips 
may help you to develop an effective turf fertilization program. 
 
 Have a soil analysis performed to determine the proper type and amount of fertilizer to use.  Don't over-fertilize. 
 
 Apply no more than 1 pound of nitrogen per 1,000 ft2 in a single application if using quick release fertilizers. 
 
 Apply phosphorus, potassium, and sulfate fertilizers in the fall rather than the spring. 
 
 To reduce plant stress, don’t fertilize during the dry, hot months of July and August. 
 
 Use fertilizers that contain herbicides or fungicides only when necessary, and rotate your use among several 


different active ingredients.   
 
 Apply fertilizers evenly over the entire lawn.  For each application, spread half of the fertilizer in one direction 


and half in a direction at right angles to the first. 
 
 Rotary or broadcast spreaders are faster and provide more uniform coverage than drop spreaders and are less 


likely to create stripes in the lawn due to uneven fertilizer application. 
 
 Do not apply fertilizers to wet grass. 
 
 Water the lawn immediately after fertilizing. 
 
 Sweep up any fertilizer spread or spilled on paved surfaces. 
 
 Never apply fertilizers to frozen ground. 
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Irrigation 
 
 Adequate moisture is necessary to promote optimum growth, density, color, and durability of your 
turfgrass.  For strong root growth, the soil in the root zone should be moist but not saturated.  Lawns watered 
excessively appear dark gray and dehydrated, and the leaf blades don't spring back when walked upon.  Lawns that 
are watered lightly but too frequently develop shallow, fragile root systems easily subject to desiccation, disease, as 
well as drought and physical damage. 
 
 Occasional deep watering is better for lawn grass than daily, light applications. The amount and frequency 
of watering depends upon soil type, climate, and topographic features.  Lawns on shallow, sandy soils require more 
frequent irrigations than those on heavier loam soils.  An average sandy loam soil requires from 1 to1.5 inches of 
water once a week during summer, depending on the lawn species.  Determine the application rate for an irrigation 
system by setting several straight-sided, open containers in the application area.  Measure the depth of water in the 
containers every 15 minutes until the required amount is applied.  The soil should be moistened 8 to 12 inches deep. 
When the top 2 to 3 inches of soil becomes dry, irrigate again.  A simple test of soil moisture is to push a 
screwdriver 4 to 6 inches into the soil.  If it’s difficult to insert the screwdriver to that depth, irrigation is necessary 
on most loam soils.   
 
 
Mowing 
 
 Proper mowing is necessary to maintain the appearance, health, vigor, and density of a lawn.  When to 
mow should be determined by the species and variety, growth rate and cutting height - not by the calendar.  More 
frequent mowing is required during rapid growth periods in the spring and fall than during mid-summer.  Keeping a 
turfgrass very short requires more frequent mowing than does maintaining the same variety at a taller height.  Table 
15-2 lists common turfgrass varieties according to their frequency of mowing and recommended heights.   
 
 Set the mower cutting bar by first placing the mower on a smooth surface, such as a sidewalk, and 
measuring the bar height with a small ruler.  Mow frequently enough so that you remove only 1/3 of the grass at any 
one mowing.  For example, to maintain your lawn at a 2-inch height, mow the grass when it reaches 3 inches.  
Closer mowing stresses the plants and depletes root reserves.  Maintaining turf near the maximum recommended 
height encourages deep-rooted turf that is more drought tolerant.   
 
 To maintain a well-groomed lawn, keep the mower blades very sharp at all times.  This may require 
frequent sharpening.  Dull blades shred and bruise the leaves, causing light-brown tips on the grass blades giving the 
lawn a whitish cast.  Damaged grass is more susceptible to stress and diseases than healthy grass. 
 
 Reel and rotary mowers are the two principal types used on home lawns.  Properly adjusted reel mowers 
give a high-quality cut and are usually best for closely clipped lawns.  Rotary mowers are popular and easily 
operated.  Rotary mower blades must be sharpened regularly.  Be cautious when operating these high-velocity 
revolving blades. 
 
 
To Bag or Not To Bag 
 
 Returning grass clippings to the lawn is one of the most important principles of lawn care.  Most lawn 
mowers sold today have a mulching option that can repeatedly chops grass blades into small pieces that quickly 
filter-down into the lawn, returning nutrients and organic matter to the lawn.  Grass clippings usually contain over 
four percent nitrogen, about two percent potassium and around one-half percent phosphorus, as well as lesser 
amounts of other essential plant nutrients.  Fertilizer use is greatly reduced by recycling the clippings back into the 
lawn, and consequently problems with surface and groundwater pollution are also reduced. 
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Table 15-2.  Recommended mowing heights and frequencies 
__________________________________________________________ 
 
Species  Cutting height (inches) Mowing Frequency 
 
Bentgrass  0.25 to 0.75 most frequent  
Ryegrass  2 to 3  intermediate 
Kentucky bluegrass 1.5 to 3  intermediate 
Tall fescue  2 to 4  intermediate 
Fine-leaf fescue  2 to 2.5  least frequent 
Buffalograss  1.5 to 2  least frequent   
__________________________________________________________ 
 


For most lawns there is no need to remove the clippings from the lawn as long as they are small enough to 
work down into the grass.   Clippings that are too long remain on the turf and can pack it down, damaging the 
growing plants. These clippings should be raked off to allow the grass to continue growing.  Compost the clippings, 
provided that herbicides have not been recently applied to the lawn, and use the compost to fertilize the lawn and 
gardens. 
 


Grass clippings are rapidly decomposed by bacteria and fungi, and do not contribute to thatch.  While 
thatch has always been associated with the return of clippings to the lawn, clippings and thatch are simply not 
connected. 
  
Thatch Control 
 
 Thatch is an accumulation of tightly meshed dead and living stems, roots and crowns that builds up 
between the green vegetation and the soil surface.  Thatch accumulations less than one-half inch thick are usually 
not detrimental to the lawn but thicker accumulations can cause problems.  A thick layer of thatch may cause a 
shallow root system with roots growing only in the thatch and consequently may increase disease, pest, and stress 
problems, increase scalping during mowing, and create dry spots in the lawn. 
 
 Thatch develops when the rate of organic matter accumulation exceeds the decomposition rate.  Factors 
that contribute to thatch buildup include: acidic soils (pH below 6) which reduce earthworm, insect and 
microorganism activity; compacted or over-irrigated soils which restrict oxygen levels that impairs bacterial activity; 
excessive nitrogen or irrigation that can increase growth beyond healthy levels; overuse of pesticides, which can 
reduce soil microbe and earthworms that help breakdown organic matter; and using very vigorous growing varieties 
of turfgrass. 
 
 High maintenance lawns may require thatch control treatments annually due to vigorous growth, while low 
maintenance lawns may never develop an excessive amount of thatch.  Control measures should be based on the 
presence of a thatch problem rather than as a routine treatment.  Cutting a small pie-shaped cross-section in the turf, 
lifting it, and examining the extent of thatch build-up can determine the need for thatch control.  If the depth exceeds 
one-half inch, take steps to reduce the thatch and prevent further accumulation. 
 
 Aeration reduces thatch build-up by increasing the rate at which water and oxygen move into the soil, 
thereby creating a better environment for thatch-decomposing organisms.  Soil plugs brought to the surface during 
aeration gradually break down and distribute organisms that decompose thatch in the turf. 
 
 Microorganisms such as bacteria, fungi, insects, and earthworms are responsible for thatch decomposition.  
To support healthy populations of these organisms limit pesticide use, keep the soil moist, and aerate when 
necessary. 
  
 A vertical mower, sometimes called a power rake, can be used to remove excessive thatch.  A vertical 
mower has blades or tines that slice perpendicularly into the soil surface.  The amount of thatch removed by vertical 
mowing depends on the depth to which the blades penetrate into the turf and soil, the weight of the machine and the 
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size of the power unit.  In some cases it may be necessary to go over the lawn several times for adequate thatch 
reduction.  Compost the thatch and other organic materials removed from the turf during power raking. 
 
 Vertical mowing damages many living grass plants, so it's important to allow for at least 30 days of 
favorable growing conditions after dethatching.  Late summer or early fall thatching creates fewer weed problems 
than spring removal.  To hasten recovery, fertilize the lawn shortly before and irrigate soon after vertical mowing. 
 
 Vertical mowing is also an excellent way to prepare an old or damaged lawn for over-seeding into the 
existing grass.  Exposed soil during seeding greatly improves germination of over-seeded grasses. 
 
Aeration 
 
 An aerator is a machine that removes plugs of soil from the lawn leaving holes about one-half inch in 
diameter and up to 3 inches deep.  The plugs of soil are typically left on the turf surface to gradually break down and 
filter back into the turf.  Aeration helps reduce soil compaction caused by foot or vehicle traffic. It also increases 
water and oxygen infiltration into the turf, and reduces thatch accumulation. 
 
 Aeration is best done when the grass is vigorously growing and can recover quickly. For best results the 
soil should not be too wet. Topdressing with sand, gypsum or compost can increase the benefits of aeration.  
Aerators that only punch holes in the sod, without removing a plug of soil, are of limited value. 
  
 Depending on the soil, moisture conditions, and temperatures, natural aeration can take place through 
alternating freezing and thawing of the soil during the winter.  Soil moisture expands when frozen, causing heaving 
and fragmentation of the soils.  Heaving results in increased pore spaces in the soil, which is beneficial.  Excessive 
heaving, however, can damage turf (especially bunch grasses), shrubs, and buildings.  Aeration is most beneficial 
where compaction caused by heavy traffic is a continual problem, such as parks, campuses, and golf courses. 
 
Weed Control 
 
 Proper lawn maintenance is the most important weed control practice used on a home lawn.  Thick, densely 
growing turf keeps weed problems to a minimum, and proper fertilizing, mowing, watering, aeration, and thatch 
control are the first line of defense against weeds. 
 
 Herbicides, which kill existing weeds or prevent weeds from germinating, should be used after proper lawn 
maintenance practices have been established - not before.  In this way herbicides need be used only occasionally to 
treat weed problems. 
 


To control broadleaf weeds, such as dandelion, plantain, or clover, selective post-emergent herbicides can 
be used.  These kill certain plants (in this case broadleaf weeds) without damaging the grass plants.  Apply them 
when the weeds are young and actively growing, taking care to prevent any herbicide drift onto desirable 
broadleaved plants such as flowers, shrubs, vegetables, or trees. In Montana and Idaho the first application is usually 
mid- to late-April.  A second application six weeks later may be beneficial in a turf heavily infested with undesirable 
broadleaved weeds.  A single fall application, when broadleaf weeds have another growth spurt, can weaken the root 
going into winter. 
 
 Pre-emergent herbicides generally provide the most effective control of annual grass weeds, such as 
crabgrass and foxtail.  These herbicides kill the weed just after the seed germinates so the herbicides must be on the 
soil when the weed seeds germinate.  During a normal year, apply pre-emergent herbicides to control crabgrass in 
mid spring.  Don’t wait until weeds have emerged to apply a pre-emergent herbicide. The best method is to apply 
the herbicide to areas of the lawn that had an annual grass weed problem the previous year. 
 
 Perennial grass weeds such as quackgrass or orchardgrass can be controlled chemically with nonselective, 
post-emergent herbicides.  These materials can kill or damage all plants that they contact including desirable grass 
plants.  Consequently, they are only applied to weed hot spots.  You may have to re-seed or re-sod the spot-treated 
areas.  Granular fertilizers that contain pelleted herbicide are convenient, but are the least effective way to control 
weeds. These products can cause damage to shrubs and flowerbeds if granules land nearby. 
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All standard pesticide cautions and considerations should be observed when using herbicides: whether or 


not it will control the weeds present, which plants it kills and which are not affected, environmental conditions when 
it should or should not be applied, the rate and method of application, and safety precautions associated with its use.  
Whether the herbicide is a pre-emergent or post-emergent is critical information in deciding when to apply the 
material.  For specific information on weed control contact State University Cooperative Extension Service offices. 
 
 


Revitalizing An Old Lawn


Established lawns may eventually deteriorate.  Which restoration steps to use depend on the nature of the 
deterioration:  poor soil conditions, non-adapted grass species, weed infestation, diseases and pests, or a history of 
generally poor maintenance practices. 
 
Maintenance Practices 
 


Poor maintenance is one of the main causes of the deterioration of lawns.  Proper fertilization, irrigation, 
mowing, aeration, use of necessary chemicals, and occasional removal of old thatch are often enough to restore poor 
quality lawns. 
 
Soil Conditions 
 
 Poor soil conditions frequently cause problems in old lawns.  Fine clay-silt loam soils may become 
compacted under heavy traffic, creating drainage problems and oxygen starvation of the roots.  
 


Mechanical aeration, as described previously, can be used to improve old lawns.  After extensively coring 
the lawn, spread about an inch of sand and compost mix over the turf and work it into the holes.  Then over-seed the 
lawn using a desirable grass variety.  Fertilize, water, and maintain the lawn as described in the previous sections. 
 
 If a more extensive lawn renovation is warranted, working liberal applications of medium/coarse sand and 
organic compost into the top 6 inches of soil will help eliminate soil compaction. This procedure involves removing 
the sod with a sod cutter and completely reworking the soil, using at least 60 percent sand.  Heavy traffic areas, such 
as school grounds, may need even more sand to prevent future soil compaction. Re-establish the lawn with new sod 
or seed.   
 


Old lawns often have uneven surfaces that prevent proper mowing and care. If severe, complete removal of 
the existing lawn and reestablishment using the techniques described in the preceding sections is the recommended. 


 
 Smaller areas can be leveled with the addition of compost or topsoil and then seeded.  Rolling water-


soaked turf with a heavy roller will smooth the surface somewhat but will cause compaction. 
 
Poor Grass Varieties 
 
 Some lawn problems develop because the grass varieties originally selected aren’t adapted to particular 
sites.  The most effective treatment when this problem exists is to completely remove the old sod with a sod-cutter 
and re-establish the lawn with pure, improved lawn seed or sod.  Some undesirable grass plants have deep rhizomes 
that should be destroyed and removed completely before seeding or sodding.  Sparse clumps of undesirable grasses 
can be eliminated with nonselective, post-emergent herbicides such as glyphosate.  The treated spots may then be re-
seeded or re-sodded. 
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Pests and Diseases 
 
 Pests and diseases can usually be eradicated.  First identify the pest or disease and related problems.  Pest 
problems, for example, may be associated with thatch buildup.  In these cases, the proper procedure is to remove the 
excessive thatch before treating with a pesticide.  Areas severely damaged by pests or diseases are best re-seeded, 
although improved cultural practices may eventually restore the lawn if only minor damage has occurred. 
 
Shade 
 
 Heavy shade from trees, shrubs, and buildings may cause some sun-loving turfgrasses to die out.  Under 
trees this problem may be corrected by pruning the branches to allow sunlight to reach the grass surface, but this 
may ruin the landscape value of the trees. In light shade establish shade-tolerant grasses, such as creeping red 
fescues.  
 
 Instead of trying to maintain turf in a heavily shaded area, consider using groundcovers that don’t require 
full sunlight.  Popular groundcovers include vinca, ajuga, lamium, and pachysandra. Large trees with ground covers 
beneath them may require extra irrigation.  For heavily shaded or otherwise hard-to-maintain areas, consider using 
bark chips, or gravel to replace turf. 
_____________________________________________________________________________________


Review 
 
 
A. Describe for a customer how to apply fertilizer to a lawn. _______________________________________ 
 
 _____________________________________________________________________________________ 
 
B. What are the advantages of a broadcast spreader over a drop spreader for fertilizing turf?  
 _____________________________________________________________________________________ 
 
C. Describe a method of determining when turf needs to be irrigated. 
 
 ___________________________________________________________________________________ 
 
 
D. How do you determine when to mow, and how much grass should be removed at one time?  
 
 _____________________________________________________________________________________ 
 
E. Describe the advantages of both reel mowers and rotary mowers.   
 
 _____________________________________________________________________________________ 
 
F. A customer asks you whether he should remove clippings from the lawn or let them remain.  What is 


advice?  Explain your reasoning. 
 
 _____________________________________________________________________________________ 
 
 _____________________________________________________________________________________ 
 
G. What is thatch, and what causes it?  ________________________________________________________ 
 
 _____________________________________________________________________________________ 
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H. What are some of the problems associated with excessive thatch?   
 


____________________________________________________________________________________ 
 
I. Describe two methods of reducing thatch buildup.  ___________________________________________ 
 
 ____________________________________________________________________________________ 
 
J. What is aeration and when is it used?  ______________________________________________________ 
 
 ____________________________________________________________________________________ 
 
K. What is the single best way of controlling weeds in turf?  _______________________________________ 
 


_____________________________________________________________________________________ 
 
____________________________________________________________________________________________ 
 


Common Diseases 
Lawn diseases can be separated into two groups:  non-infectious (non-pathogenic) and infectious 


(pathogenic).  Microorganisms called pathogens cause infectious diseases.  Fungi, bacteria, viruses, and 
mycoplasma-like organisms are all plant pathogens that can cause diseases, but fungi cause most plant diseases. 
 
 Non-infectious diseases are caused by unfavorable plant growing conditions such as soils that are too dry or 
too wet, extremely high or low soil pH, nutrient deficiencies or excesses, salt toxicity, dog urine, and stresses caused 
by excessive heat, cold, or shading. The most common of these in Montana and Idaho is winter desiccation caused 
by low soil moisture in the fall and subsequent poor winter conditioning of the plants combined with lack of snow 
cover. 
 
 Disease may seriously damage lawn grasses.  Given proper fertilization, watering, mowing, and aeration, 
however, most lawns recover.  Good lawn care is the best preventive measure for lawn diseases. The following 
section describes common turfgrass diseases found in Idaho and Montana and how to control them. 
 
Snow mold 
 
 Snow mold is the most common lawn disease in Montana and Idaho. Symptoms appear when the snow 
melts in the spring.  Diseased grass is covered with white, pink, or dirty-gray mycelium (the body of a fungus).  The 
affected grass is bleached and killed, usually in a circular pattern.  This symptom is most common in wet, shaded 
areas where snow accumulates and is slow to melt.  Infection begins in the fall under wet snow and may continue 
through winter until spring.  Fungal growth stops when the surface freezes or dries.  Snow mold damage can be 
minimized on lawns by mowing the turf and removing all heavy grass clippings, leaves, and other debris from it 
before snowfall.  Avoid using nitrogen fertilizer in late fall prior to dormancy. Brushing or sweeping the mold off in 
the spring can also reduce damage. 
 
Rust 
 
 Symptoms are orange to reddish-brown spots on grass blades.  The rusty-looking material rubs off on 
fingers and shoes.  Rust may be a problem in August or September and a heavy infection can cause grass blades to 
yellow and die.  Rust is rarely a problem where proper fertilization, watering, and mowing are practiced. 
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Leaf Spot (Melting Out) 
 


Symptoms begin as dark-brown or purple spots on the leaves in the fall or spring, and affected plants may 
suddenly die in the summer.  The leaf spot stage usually doesn't cause serious damage. However, in cool, wet 
periods leaf tissue is killed and the sheaths and crowns may be invaded.  Then during dry periods, large or small 
irregularly shaped areas of the lawn die suddenly.  Excess water and nutrients can increase leaf disease problems. 
 
 Raising the mowing height and proper watering and fertilizing can generally control leaf spot and melting 
out.  Over-seeding with resistant cultivars will reduce problems from this disease.     Fungicides need to be applied 
early in the development of the disease, which is usually during cool, wet growing conditions.  If leaf spot 
symptoms are already present results of treatment with fungicides are typically poor at this time. 
 
Powdery Mildew 
 
 This disease, which appears as a white dust on the leaves, is common in cool, shaded areas of the lawn in 
fall and spring.  Mildew often results in thin turf areas in dense shade under trees or on the north side of buildings.  
Improving light penetration, mowing frequently, and increasing air movement reduces mildew problems.  Over seed 
the affected lawn with shade-tolerant and mildew-resistant cultivars. 
 
Fusarium Blight 
 
 This "disease" is now known to be a complex of similar appearing diseases including Necrotic Ring Spot, 
Rhizoctonia Yellow Patch, Summer Patch, and Brown Patch.  These diseases are most serious on well-maintained 
new lawns. 
 
 Circular areas of red-colored, straw-colored, and normal leaves are the first symptoms.  As the patch 
becomes older, the center may become green with straw- and red-colored blades around the outer portion of the ring.  
The roots are covered with dark strands of the fungus and crowns of affected plants are dark brown. Plants are 
weakened and are very susceptible to summer heat and drought.   
 
 Yellow Patch develops under wet conditions and is often present on newly laid sod on heavy soils.  
Damage is most severe in lawns with heavy thatch and compacted soil.  Thatch in yellow patch areas often 
decomposes, producing a sunken appearance in the lawn. 
 
 A ring of dark, water-soaked grass that fades and dries to a light brown most often characterizes turf 
infected with Brown Patch.  Reduce thatch, fertilize, and irrigate as described in previous sections. 
 
Fairy Ring 
 
 This disease appears as a ring of fast-growing, dark green grass, often surrounded by a ring of thin or dead 
grass.  After rains or watering, mushrooms may develop in the dark green ring.  Several soil-inhabiting fungi cause 
fairy rings.  Growth usually starts at a central point, and the fungus grows outward equally in all directions, 
developing a circle.  Fairy rings are difficult to control.  The most satisfactory treatment is to mask the rings by 
using a root feeder attachment and injecting water deep (12 inches) into the soil within the rings of dead grass.  This 
treatment, in conjunction with aeration and adequate fertilization, helps hide the symptoms of fairy ring. Mushrooms 
can be broken up with a rake or lawn mower. 
 
Slime Mold 
 
 Slime molds generally appear when there is a nutrient or water imbalance in the turf.  Symptoms appear 
following heavy rain or watering.  Small, colored or white, slimy beads develop on the grass.  When these beads dry 
they form a powdery mass.  Slime molds don't usually damage grass but are unsightly, and fortunately they 
disappear quickly.  Deposits can be removed with a rake or a forceful spray from a garden hose. 
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Common Insects 
 
Proper insect management on lawns involves a thoughtful process of detection, identification, and 


evaluation.  Complete elimination of insect pests is impractical, and the goal should be to manage the insect pest 
populations at levels that do little damage to the lawn.  Damage varies according to the condition of the turf, pest 
species, and pest populations. Fortunately most lawns in Montana and Idaho rarely have significant problems with 
insects. 


Vigorous lawns can withstand larger pest populations than severely weakened ones.  Proper fertilization, 
watering, mowing, and other maintenance practices are important pest controls.  For information on chemical 
controls for pests contact State University Cooperative Extension Offices. 
 
 The presence of an insect on a lawn may not indicate a problem since not every insect is a pest.  Some 
insects, spiders, and other organisms in turf are beneficial and help to control pests.  Insects on lawns should be 
controlled when they cause damage, not simply because they exist.  Even if an insect is a pest species, they may not 
be present in enough numbers to cause a problem.  Effective pest control begins with knowing what pests are 
present, what population levels cause damage, the time of year that the pests can be controlled, pest growth stages 
that are susceptible to control, and the best methods to regulate the pest populations.   
 
 Identifying the insects present is the first step in good lawn insect control.  Be sure to examine an area of 
grass that contains living as well as damaged grass plants.  The most serious lawn insects feed on living plants and 
aren't found in dead areas.  Insects found in completely dead patches generally aren't responsible for the damage. 
  
 If a lawn looks wilted and water-starved a root-feeding insect may be involved.  Peel the sod back, examine 
the roots, and look for any root-feeding pests.  Search the thatch carefully because some insects hide there feeding 
on grass blades.  Damage from these pests appears as brown patches after mowing.  Other pests live on the grass 
blades and suck sap from the plant.  Close examination of the grass blades reveals this type of pest.  Once an insect 
is found, determine what it is.  The following information can help identify the most common lawn pests. 
 
Cutworms  
 


This is the insect pest most likely to do serious damage to lawns in Montana.  The adults are usually dark 
moths that fly at night.  The larvae, which do the damage, look like typical cutworms – plump, smooth, and usually 
grayish or brown in color, sometimes with spots or stripes.  They can reach two inches long but are usually smaller.   


 
Adults lay their eggs in late summer, which hatch soon after.  The caterpillars over winter and begin 


feeding on new growth and seedlings in the spring.  The larvae feed only at night and leave small, brown patches 1 
to 2 inches wide in the turf.  They mature as adults in mid- to late summer.  
 


 Examine the turf at night to determine the presence of cutworms.  A concentration of about 10 worms per 
square foot of surface area will require treatment.  Granular Bt mixed with bran is a safe and effective treatment.  
Fortunately there are many predators, including ground beetles, rove beetles, toads, snakes, and spiders.  In August 
ravens feed heavily on cutworms. 
 
Sod Webworm 
 
 This blade-feeding lawn pest is occasionally found in Idaho and Montana.  The adults are frequently called 
lawn moths.  They are light-colored moths or "millers" that make short, erratic, darting flights and fold their wings 
back closely against their bodies when resting, giving them a very narrow appearance. 
 


The moths lay their eggs in the lawn.  After hatching, the worms feed at night on the grass leaves.  Some 
species damage plant crowns or roots as well as leaves.  During the day, the worms hide in silk-lined tunnels or 
burrows at or slightly below the soil surface.  When fully grown, the worms are a dirty white to light brown with 
darker spots and are about 3/4 inch long. 
 Closely examine the thatch to detect sod webworm.  Flooding the area with water forces the worms to the 
surface, where they can be counted.  A population of 15 worms per square yard can seriously damage turf.  Look for 
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this pest in June and again in early August, since sod webworms have two generations a year.  Water lawns a day or 
so before applying insecticides, then delay further watering until at least 3 days after treatment.  
 
White Grubs 
 


 White grub is a generic name for the larvae of several species (scarab beetle, June bugs and others). 
Skunks often dig small holes in lawns feeding on white grubs. Detection and control are similar to the methods 
described for cutworms and webworms. Before utilizing chemical controls determine that the infestation is 
warranted, as many beneficial insects and organisms are killed when chemicals are used.  
 
 


Beneficial Insects and Non-Pests 
 


There are many  insects or insect-relatives that live in grass but do not cause direct feeding damage. 
 
Chinch Bugs 
 
 These insects are about 1/4 inch long, brown, and generally found in dead areas of the lawn.  They cause no 
damage and don't need to be controlled. 
 
Ants  
 
 Ants are common in lawns.  Their preference for nesting in areas of sparse vegetation might cause you to 
think that the ants are causing the poor lawn development, but this is generally not true.  Ants do not feed on plants 
and pose no direct threat to lawns.  There are at least two cases where it may become necessary to control ants, 
however. 
 


Some species of ants create large nest mounds that can be unsightly in a lawn and make mowing and other 
care difficult.  Some ants also ‘farm’ aphids, much as we do cattle.  The ants care for the aphids during the winter 
and deposit the aphids on plants during the growing season.  The ants then feed on secretions from the aphids.  
When a serious outbreak of aphids occurs on landscape plants in conjunction with a large number of ants on the 
affected plants, the best aphid control might be to eliminate the ant colony involved. 
 
Earthworms 
 
 Nightcrawlers and other earthworms are beneficial and should be tolerated whenever possible.  Large 
populations, however, can cause lumpiness and in extreme cases, reduce the value of the lawn for recreation.  
Vertical mowing can help reduce lumpiness and also the amount of food available for the worms.  Rolling the lawn 
is not recommended because it increases compaction. A reduction in watering – less often and deeper – allows the 
worms to stay farther below the surface and will help alleviate future problems. 
 
Endophytes 
 
 One of the latest and most promising advances in the production of top quality turfgrass is the discovery of 
endophytic fungi.  These organisms live within grass plants and derive their nutrients from the plants.  The fungi 
produce chemicals, especially alkaloids, which are released into the grass plant and are circulated in its vascular 
system and act as natural insecticides.  These compounds are toxic to many serious insect pests, including sod 
webworms, billbugs, and armyworms. Endophytes may also improve a grass's resistance to nematodes. Using 
endophytic-bearing grasses may help to reduce the amount of pesticides used on turf. 
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Review 
 
 
A. What pathogen causes most turf diseases?  ___________________________________________________ 
  
B.  List 4 cultural practices that help prevent turf diseases. 
 
              1._________________ 2. _________________ 3. _________________ 4. _______________ 
 
C.  Early in the spring a customer tells you that her lawn is covered with masses of dirty white residue. Identify 


the problem and recommend steps to control it. 
 
 _____________________________________________________________________________________ 
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D.  What are the symptoms of powdery mildew, and how can it be controlled?   
 
 _____________________________________________________________________________________ 
 
E.  Provide advice to a customer about a three-foot wide ring of mushrooms on his lawn. 
 
 _____________________________________________________________________________________ 
 
F.  You've been given a sample of turf showing purple spots on the leaf blades.  Areas of grass with  


similar symptoms died suddenly last July.  What is the disease and what can be done to treat it?  
  
 _____________________________________________________________________________________ 
 
G.  Explain what an endophyte is and what role it plays in a turf environment. 
 
 _____________________________________________________________________________________ 
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INTEGRATED PEST MANAGEMENT 
 


Adapted from the Integrated Pest Management Handbook 
Missoula County Extension Office 


Helen Atthowe 
 
 


Pest management has evolved over the last 75 years. There has been a gradual progression from spraying 
pesticides on a regular schedule to a system called Integrated Pest Management (IPM). IPM is the selection, 
integration and implementation of pest control based on predicted economic, ecological and sociological 
consequences.  IPM seeks to include a combination of biological, physical and chemical methods into a cohesive 
scheme designed to provide long-term protection. 
 


 This system was conceived in the 1950’s when it was first realized that insects and plant diseases were 
developing immunity to chemical pesticides at an alarming pace.  IPM replaces the “see and spray” and “calendar-
based spray” approaches to pest management.  Emphasis is placed instead on prevention.  Problems are identified 
and treated in a manner least disruptive to the environment.  There are five components of Integrated Pest 
Management: prevention, diagnosis, research, monitoring and decision-making.  
 
 Prevention consists of several aspects: 
 


1. Design-  
a.  Select plants that are adapted to the site (soil, climate, etc.). 
b.  Design landscapes to utilize species diversity and minimize monocultures. 
c.  Space plants properly to encourage air circulation. 


 
 


2. Health of the soil- 
a. Add organic matter if needed. 
b. Minimize soil compaction. 
c. Address drainage problems before planting.  


 
 


3. Health of the plants- 
a. Supply adequate water and allow time for foliage to dry before evening. 
b. Prune out disease; prune at the right time of year; prune to improve air circulation. 
c. Fertilize plants only when necessary. 


 
 


4. Garden hygiene- 
a. Remove and dispose of all dead and diseased tissues. 
b. Use clean tools; sterilize if recommended. 


 
 


5. Resistance- 
a. Choose resistant varieties when available. 


 
 


6. Promote beneficial insects- 
a. Maintain nectar and cover plants to encourage populations. 
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Diagnosis consists of properly identifying the cause or causes of the damage. See the chapters that follow on 
insects, diseases and abiotic problems.  Avoid diagnosing plant problems over the phone. Have the client bring a 
sample in or visit the site for proper diagnosis. 


  
Once the pest has been diagnosed then the research begins. Learn the life cycle and development stages of the 


pest. How a pest lives and reproduces will greatly assist control efforts. At what stage does the pest damage the 
plant?  At what stage is the pest most vulnerable to control? When are the pests at the threshold level that damage to 
the plant needs to be controlled? Low levels of damage are normally tolerated. 
 
 


Monitoring is the next step in the integrated approach to pest management. Check the seasonal development of 
key pests on a weekly basis. Traps can be placed out to catch pests to monitor emergence and population levels. 
 


 Keep track of weather conditions that affect pest development, such as temperature, humidity, and 
precipitation.  Research entomologists have developed degree-day models for many common pests that help predict 
the emergence of those pests in the spring. Often in the early stages of development pests are most vulnerable.  
 


At the decision making step a management plan is developed based on the biological information known about 
the pest. Alternative control methods are utilized in the plan including: mechanical and cultural techniques, 
biological control and least toxic pesticides. As a last resort more toxic chemical controls are used.  
 
 
IPM Management Decision Steps: 


1. Identify the pest problem. 
2. Determine whether or not the pest is at a threshold level (a high enough level to actually harm the plants). 
3. Find out what the pest’s vulnerable stages are. 
4. If spraying is deemed necessary, choose the best materials for the specific pest and time of season.  


 
 
 


Alternative control methods 
 


Mechanical and cultural techniques include practices such as cultivation, spraying with water, using 
barriers or covers. Techniques vary depending on the pest involved. Biological control methods use a natural enemy 
or substance to control a pest including the use of predatory or parasitoid insects, microbial insecticides, and 
pheromone traps to name a few. Least toxic pesticides are products such as insecticidal soaps, horticultural oil 
sprays, and insecticides derived from plant extracts.  For more information on the various alternative control 
methods available consult reference materials and see Chapters 7 and 8 (Disease and Insects). 


 
On the following page is an example of an integrated approach to aphid control:   
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DESCRIPTION: Very small (1/10 to 1/8 inch long), pear-shaped, soft-bodied insects ranging in color from light 
green through dark green, and pinkish to black. Aphids cluster on stems and/or undersides of leaves and produce 
"honeydew", a sugary mixture that is fed upon by ants and many of the aphids' natural enemies. Aphids move very 
slowly, if at all, and often appear to be attached to the plant surface by their sucking mouthparts. Young aphids, or 
nymphs, are wingless. Adults can be winged or wingless, depending on the species, environment, and time of 
season. There are many different kinds of aphids, most of which are specific to particular species, or genera, of 
plants. However, there are some aphids that attack many species of plants. Different species of aphids are often 
present at different times of the season. 
  
LIFE CYCLE: Aphids overwinter as shiny, black eggs on twigs, budscales, and bark. Female aphids hatch from 
these over-wintering eggs and give birth to live nymphs, all female, by parthenogenic reproduction (no fertilization 
by male aphids). Since mating is not required for parthenogenic reproduction, aphids can appear very quickly and 
build up large populations rapidly. A single female can produce 60-100 nymphs during its 20 to 30 day lifetime. 
Nymphs start to reproduce 6 to 10 days after birth. Winged male aphids are produced in the fall (mainly due to 
changing light conditions), and mating occurs. Fertilized females then lay over-wintering eggs, generally on or near 
their preferred food source. When conditions become unfavorable (too hot, too dry, leaf tissue no longer succulent, 
decreased leaf nitrogen levels, over crowding), winged adults are produced. These winged adults are capable of 
flying off to more favorable food sources. Fortunately, they are weak flyers! 
 
CONTROLS: 


CULTURAL Aphid outbreaks are encouraged by cool, wet spring weather because their populations 
increase more rapidly than their natural enemies in this climate. Aphid outbreaks may also occur if controls 
used to treat other pests harm aphid predators (i.e., syrphid fly and lacewing larvae, ladybird beetles). 
Certain controls are more toxic to predators than others (see treatment options). Excessive fertilization, 
especially nitrogen, causes plants to maintain succulent growth, and may encourage aphid population 
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developments. Use less soluble nitrogen fertilizers (ammonium or urea-based forms or compost). Avoid 
pruning that encourages early spring growth. On aphid-susceptible species, prune in late spring after aphids 
arrive and prune a little at a time. Stop pruning before the end of July so you don't encourage a fall flush of 
growth. 
 
MONITORING  Check aphid populations regularly; appropriate control methods vary by season.  During 
aphids' dormant season, check for eggs (in late winter) to decide if a dormant control will be required. 
Check ten twigs per tree. If 30 to 50% have eggs, a dormant oil treatment may be helpful.  In early spring, 
check ten terminal shoots weekly; look especially at leaf undersides. If 25-50% of the terminals on young 
trees and shrubs are infested, some control may be required. Older, large trees can usually tolerate 50% or 
more terminal infestation before control is necessary. Check for predators. If predators are present at a ratio 
of 1:5, control is usually not required. If leaf curling is occurring already, treat immediately, especially on 
aphid-susceptible species like plum and green ash. 


 
BIOLOGICAL Syrphid fly and lacewing larvae, gall midges (Aphidoletes), and ladybird beetles are effective 
aphid eaters. Evaluating several predators, researchers in Colorado found that lacewings were the best predators 
under hot conditions, and ladybeetles and Aphidoletes did best under cool temperatures. Overall, Aphidoletes was 
the best aphid predator of green peach aphid (Gerace, 1999).  Aphid populations are also decreased by fungus 
disease and parasites. 
 


Diseased or parasitized aphids turn brown, puff up and stick to leaves. 
 
MECHANICAL Yellow sticky traps are useful to catch winged aphids, particularly in indoor growing situations, as 
long as populations are not too high. Sticky traps may catch some predator species as well as aphids.  
 


In certain cases, using a silver or foil mulch under crop plants can confuse flying aphids that are searching 
for hosts. The silvery, reflective surface is thought to disrupt their sense of direction. When growing squashes or 
cucumbers, you may get somewhat the same effect by using silver-leafed varieties. 
 
 
PHYSICAL Washing with soapy water (with a dispenser attached to the hose) can knock some aphids off 
plants and reduce populations if done repeatedly. Washing may also enhance conditions for fungus diseases that 
attack aphids. Prune out infested terminals. 
 
CHEMICAL Insecticidal Soap is only effective on soft-bodied insects. It has a short activity period. Repeat 
applications as needed. Avoid application in direct sun or at temperatures >85° F. Soap can burn foliage of tender 
plants. Wait 48 hours after application before releasing predators. 
 


Two percent horticultural oil (Sunspray or Volck Supreme Spray) should not be applied in direct sun 
and/or at temperatures >85-90° F or <40° F. It may burn leaves, especially of sensitive or drought-stressed plants. 
Wait 48 hours after application before releasing predators. 
 
BOTANICAL Neem oil (Margosan-O, Bioneem, Greentight, or Azatin) is best applied 2-3 times in succession, 
7-10 days apart. Spray in the evening. It has a short activity period. Repeat applications! 
 


Pyrethrum/Pyrethrin works best if combined with insecticidal soap: add 1/2 to 1 Tbsp. per gallon. Spray in 
the evening. This botanical has an extremely rapid breakdown rate, especially in sunlight. It also has a very short 
activity period. Repeat applications and spot spray if possible. It can harm predators and 
parasites. 
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Chemical control methods 
 
Using Pesticides 


If you reach the “'last resort” and have to use a hard pesticide option, there are several things you need to 
know to use pesticides safely and responsibly. 


 
First, read the label. 


 
THE LABEL 


The label tells how to safely and correctly use the pesticide. The label, when properly followed, provides 
protection for applicators, consumers, fish, and wildlife.  
 
IDENTIFIES THE CHEMICAL HAZARDS 


First, the label identifies the chemicals in the container. The contents are listed in a standard form so that 
you know exactly what you are applying. Mistaken uses of chemicals can cause crop injury, poor control, or illegal 
residues. The crop may be unfit for market, making you, the applicator, legally responsible for any losses.  


 
Single words are used on most labels to state the toxicity of the pesticide to humans. The label also lists the 


protective equipment needed for proper handling and use of the chemical. This may include masks, gloves, 
respirators, etc. 
 
REGISTERED USES 


The label lists the uses for the pesticide as approved by the Environmental Protection Agency (EPA). If the 
intended use is not on the label, the product should not be used. You are legally responsible for any accident or crop 
loss that results from using materials that are not approved. Certain formulations of a particular pesticide may be 
intended for a specific use only: for example, livestock. The label for this formulation may list only the uses for 
livestock even though the pesticide is also registered for other uses. Generally, however, any non-labeled use is a 
misuse, and the applicator may be taken to court.  
 
RECOMMENDED DOSES 


Recommended doses and directions for applying approved uses also appear on the label. These suggestions 
can be helpful to you because they state the maximum dosages permitted by law. However, local conditions may 
not require maximum doses to achieve good control of the pest. You should use no more pesticide than needed. 
 
COMPATIBILITY 


The label will usually state which other chemicals can be mixed with the pesticide. Often other pesticides 
or fertilizers can be combined with the pesticide for one application. Sometimes the chemicals cannot be mixed 
without destroying their effectiveness. Check on compatibility before you mix.  
 
PHYTOTOXICITY 


The label will tell whether injury to plants is likely. Some plants are more sensitive than others to pesticide 
chemicals. The injury to the plants can range from slight burning to death of the plant. Choose a pesticide that is not 
phytotoxic to the target plant. 
 
 
LABEL LAW 


The information found on the label has passed strict government requirements. The label itself, not just the 
pesticide product, must be registered by the EPA before it is used. EPA reviews and approves each statement that is 
on the label. The toxicity warnings come from tests required by the government. The pesticide and the label are 
registered by EPA only when the applicators, consumers, fish, and wildlife will be protected. If the label statements 
are carefully followed, no illegal residues will be found on any crop. Getting a single pesticide ready for registration 
and use usually costs the chemical company $7-10 million dollars.  
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WHAT’S ON THE PESTICIDE LABEL? 
1. NAME and ADDRESS of the CHEMICAL COMPANY.  
2. TRADE NAMES: These almost always are on the label in large print and may not be used in the “active 


ingredient” section. Such names as SEVIN, AMIBEN, or ETHREL are trade names.  
3. LIST of all the ACTIVE INGREDIENTS 
 


a. Official Common Name:  well-known name accepted by the Pesticide Regulation Division of 
EPA. Laws require that officially-approved common names - not the chemical name - appear in 
the “active ingredient” section of the label. Not all pesticides have an official common name. 
Examples of common names are CARBARYL, CHLORAMBEN, and ETHEPHON.  


b. Chemical Name: A scientific name telling the contents or formula of the actual poison. When an 
accepted common name is not available, the chemical name must be used in the “active 
ingredient” section of the label. However, if the chemical name is too long and complex, another 
name describing the poison is allowed. 


 
4. TYPE OF PESTICIDE: insecticide, herbicide, fungicide, etc. 
5. KIND OF FORMULATION: dusts, wetable powders, granules, sprays, baits, pressurized cans (bug 


bombs), emulsifiable concentrates. 
6. EPA REGISTRATION NUMBER  
7. STORAGE and DISPOSAL PRECAUTIONS 
8. HAZARD STATEMENTS: All pesticides labels carry the statement "Keep Away from Children." 


Pesticides have been grouped into categories according to their toxicity to animals, people, and 
environment. Special words on the label tell which category they are in.   


 
a. CATEGORY I - HIGHLY TOXIC: Danger - Poison printed in red and a skull and  crossbones must 


be on the label for these. Such labels also have direction for handling, plus an antidote statement, 
as well as the sentence “Call a Physician Immediately.”  


b. CATEGORY II- MODERATELY TOXIC: Warning is the special word which  must be on the label 
for moderately-toxic products. Directions on how to handle the pesticide must also appear. These 
are still dangerous pesticides, even in small amounts. 


c. CATEGORY III - SLIGHTLY TOXIC: Caution must be on all labels for slightly toxic materials. 
Instructions for avoiding the main danger are also required. 


d. CATEGORY IV - RELATIVELY NON-TOXIC: No signal word is required for relatively non-toxic 
products but other precautions might appear. Even in this group there is no pesticide which is 
completely safe. 


9. DIRECTIONS FOR USE:  
a. How to protect the crop; 
b. How to apply the chemical; 
c. How to control the pest; 
d. Compatibility.  


10. NET CONTENTS 
 
 


Second, compare the toxicity of pesticide options. LD 50 comparisons refer to the "Lethal Dose" of a pesticide 
required to kill 50% of the experimental organisms (usually rats). LD 50 comparisons are made in kilograms of 
pesticide per milligram of body weight of the experimental organism. The lower the LD 50 number, the more 
toxic the pesticide is. Where ranges are given it is because different formulations of the same pesticide can have 
different toxicities. Read the label to know for sure how toxic a pesticide is.  
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Chapter Review 


 
 


A.   What are the basic principles of Integrated Pest Management?____________________________________ 
 


______________________________________________________________________________________ 
 
 
 
B.   List the five main components in an IPM program. _____________________________________________ 
 


______________________________________________________________________________________ 
 
 
 


C.   What information is found on a pesticide label?______________________________________________ 
 


______________________________________________________________________________________ 
 
 
 
D.   List two types of mechanical or cultural control methods. 


 
_____________________________________________________________________________________ 


 
 
 


E.   What is a biological control method?______________________________________________________ 
 


______________________________________________________________________________________ 
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 WATER MANAGEMENT 
 
 Adapted From The Minnesota Nursery and Landscape Association 
 Manual for Certified Nursery and Landscape Professionals 


Original Author:  Bert T. Swanson 
Revised by the Montana Nursery and Landscape Association 2002 


Nick Engler, Billie Gray, Alice Janke, Mary Keck 
  
 
 


Approximately three-fourths of the earth's land is arid or semiarid.  Arid lands receive less than 10 inches 
of precipitation per year and semiarid lands receive less than 20 inches per year. However, any given year may result 
in the receipt of considerably less precipitation than the stated averages.  Since the need for water is absolute and 
since water is probably the most critical factor in the survival and distribution of plants, irrigation is required for all 
landscape plants that do not receive reliable or sufficient rainfall.  Agriculture is the largest single consumer of water 
in the United States, using 100 billion gallons per day solely for irrigation. 
 
 Montana and Idaho receive a wide range of annual precipitation, from less than 10” per year in some areas 
to more than 80” per year in the mountains. 
 


An understanding of how plants take up water from the soil is important in understanding and designing 
irrigation systems.  Figures 4-1 and 4-2 illustrate the water uptake process. Study these figures. Water is the largest 
component of a plant. Water is continually absorbed by plant roots, translocated up the stems to the leaves and then 
lost to the air through transpiration. Photosynthesis is the process by which plants form carbohydrates from carbon 
dioxide and water through sunlight acting upon chlorophyll. 
 


 The lack of sufficient water for plant growth is devastating.  Over-watering is just as detrimental and 
perhaps even more devastating.  Injury from water deficiency is usually readily apparent and often easily corrected.  
Injury from over-watering is less easily detected and may result in severe injury or death of the root system before 
corrective action can be taken. 
 


Three basic techniques exist for routinely supplying water to plants.  The simplest is the furrow or flood 
technique in which water is carried in pipes or ditches and transferred to furrows between rows of plants or in which 
the water simply floods the field.  This is a very inefficient system for water utilization as more than fifty percent of 
the water is lost by percolation and evaporation.  It is also restricted to fairly level areas.  However, such a system is 
not expensive to construct. 
 


The second and most common irrigation technique is the sprinkler system.  Such a system can vary from a 
single lawn sprinkler to a highly mechanized center pivot irrigation system.  This system is slightly more efficient 
than the furrow/flood system, however evaporation losses remain high.  Initial set up and maintenance costs are 
substantial.  Aluminum pipes with impact sprinkler heads are most common in the nursery.  Rigid PVC or black 
polyethylene pipes with pop-up or bubbler heads are most common in the landscape industry. 
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The third and most efficient technique in terms of water usage is the trickle or drip irrigation system.  This 


system and its operation are designed to prevent water stress rather than correct it as is done with the furrow/flood 
and sprinkler irrigation systems.  Water is provided at slow and steady rates (0.5 to 2 gallons/hour) under low 
operating pressure.  It is directed only to the root system or part of the root system.  Emitters or microtubes deliver 
the water to the base of each plant.  Low-pressure black polyethylene pipe can be used.  A pressure regulator and a 
water filter may be necessary.  Costs for this system are moderate depending on the type of emitter used and the 
need for filtration. 


 
Salt build-up can occur in the soil due to the low volume of water used. Turning the system on during a rain 


will facilitate leaching the salts out of the soil.  
 
Many advantages of the system exist: it is easy and economical to install; water is applied only to the 


targeted plant thereby resulting in fewer weeds, less interference with sales and cultural practices, and lower 
incidence of disease; it is easily mechanized; and it promotes better plant growth.  One disadvantage of drip 
irrigation is that the wet zone produced is small and can lead to restricted development of the root system in trees 
and shrubs. 
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Soaker hoses are another method of drip irrigation.  Water slowly seeps through the hose along its entire 


length.  Soaker hoses are particularly useful for rows of plants such as a hedge or in a garden.  They may also be 
used to extend the wet zone around newly planted trees and shrubs. In addition, soaker hoses can be used to add 
irrigation to shrub beds where the plants have grown and are blocking the existing sprinkler system from reaching 
the back of the bed. 


 
A fairly recent variation on the drip system consists of large donut-shaped bladders or tubs, which can be 


placed over the root zone of newly planted trees and shrubs.  Emitters built into the bottom of the device slowly 
release a given quantity of water over a period of several hours.  The tubs can either be filled from a hose irrigation 
system or from a tank truck.  Once the plants are established the tubs can be removed. 


 
The frequency of application and the amount of water to supply depends upon many factors:  species, root 


depth, evapotranspiration rate, soil or media characteristics, relative humidity, temperature, wind, presence of a 
mulch or cover crop, state of plant development, exposure, container construction, container size, container spacing, 
plant size, and type of irrigation system.  For field soils, the procedure of forming a ball of soil (described in Table 
4-1) is helpful in determining the soil moisture level.  Container media must be checked by feel or by weight of the 
container.  Both field and container stock can be monitored for moisture stress by observing a few key indicator 
plants.  Forsythia, Cornus, and Hydrangea are extremely sensitive to moisture stress and can serve as indicator 
plants.  By closely observing these species, irrigation needs can be anticipated. 


 
Standard containers should be watered until water runs out the bottom for several seconds.  Bare root plants 


should be soaked prior to planting. Upon planting or transplanting into the field or landscape, a thorough watering is 
required to collapse large air spaces around the root system.  Enough water should be applied to the hole before 
planting to penetrate the depth of the root system. This is especially important when planting into dry soil. Two or 
more thorough waterings are usually required immediately after planting to insure the plant is completely "watered 
in."  
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Table 4-1. Field determination of soil moisture:  A handful of soil is squeezed with moderate 
pressure, the hand is opened, and the soil is shaken around in the hand.  Numbers in 
parentheses are average percentages of available water 


____________________________________________________________________________________ 
 


Percentage 
field 


Moisture   capacity 
condition   (0.5 bar)   Sandy loam  Silty loam  Clayey loam 
 
Dry     0-5   Powder dry (0-3%)  Crumbles (0-5%) Dry clods (0-8%) 
Low    5-15   Crumbly   Loose crumbs Pliable, no ball 
Moderate   25-50   No ball   Forms weak ball Balls with pressure 
High   75-95   Forms weak ball (10-15%) Forms durable  Easily forms ball 


ball (15-20%) 
Wet   Waterlogged  Free water released  Free water  Free water 
          released  released 
____________________________________________________________________________________ 


 
Plants in the field or landscape have a much larger reservoir of water to use compared to containerized 


plants.  Plants in the field or landscape generally have better drainage than containerized plants. The bottoms of 
containers may inhibit drainage creating over-watered and low oxygen environments for the root systems.  The type 
of soil or media plays an extremely important role in irrigation practices. 
 


As water evaporates from a soil or media surface, salts accumulate at the surface.  The concentration of salt 
can be detrimental to plant growth, particularly if it is leached back into the soil or media.  To prevent salt buildup 
from occurring, periodically apply large volumes of water to leach the salts down and out of the container or down 
past the root system in the soil.  If the soil is heavy clay it may be impossible to correct the salt buildup, as clay soil 
will not leach adequately. Also if the irrigation water is alkaline the effectiveness will be reduced. 
 


Each field and landscape watering should be thorough -- water deeply and less frequently to facilitate the 
movement of salts out of the root zone and encourage deeper root growth, rather than the proliferation of shallow 
roots from frequent shallow watering.  Allow the soil to drain thoroughly between irrigations and dry slightly to 
facilitate the replacement of oxygen to the root system. On sandy soils, more frequent shallow watering may be 
necessary because of the soil’s inability to hold moisture. 
 


Containerized plants must also be watered thoroughly.  Because these plants are easily stressed, water must 
be applied more often than for field or landscape plants.  It is extremely important that you allow time for oxygen to 
be replaced in the media between irrigations to prevent root rot and iron chlorosis of the foliage.  Be constantly alert 
for dry containers missed by the sprinkler or which have a plugged or moved emitter.  Be alert also for areas being 
over-watered by overlapping sprinkler heads.  Periodic hand watering may be necessary if proper sprinkler coverage 
is not obtained. 
 
 Automatic sprinkler systems are convenient but not fool proof. Over watering is often a problem. Systems 
should be turned off during rainy periods. Plants that are subjected to saturated soils for long periods of time will 
suffer.  
 


The time of year also plays a role in proper irrigation practices.  Demand for water will be high in the 
spring as new growth is expanding.  Water use will be even higher during the hot summer months when 
transpiration may exceed the plants capability of water uptake.  As fall approaches, water demand decreases 
facilitating proper winter hardening. Plants should not, however, be placed under water stress at this time because, if 
severe enough, such stress will actually decrease winter hardening and therefore increase the likelihood of winter 
injury.  After plants have lost most of their leaves in the fall or have gone dormant a thorough watering will enhance 
winter survival. 
 
 


Water quality may be a factor in obtaining optimum plant growth.  Water high in salts can be detrimental to 
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root growth by increasing salt levels in the soil or media.   High pH water (greater than 7.2) may also cause plant 
growth problems.  Continuous use of alkaline water will increase the pH of the soil or media and subsequently affect 
the uptake of specific nutrients.  Iron uptake is significantly decreased as the pH increases. 
 


Water from water softener systems that use sodium ions (Na+) to replace the ions that cause hardness 
should not be used to water indoor or outdoor plants.  The excess sodium could create sodic conditions in the soil, 
which would destroy many soil properties including raising soil pH and reducing infiltration water. 
 


Maintenance of any irrigation system must be carefully planned and executed.  Maintenance should be 
completed on all parts of the system before the growing season.  The system must be designed and maintained to 
accommodate the maximum demand during the peak season under the most stressful conditions.  An irrigation 
system in disrepair during a short hot dry period can be very costly. 
 


Although the most direct and apparent use for an irrigation system is to provide moisture for survival and 
growth of nursery and landscape crops, it also has several other functions.  These  include:  leaching of accumulated 
salts or over-applied fertilizers from soil or media, application of water-soluble fertilizers, frost protection, 
moistening soil to facilitate planting or digging operations, sealing of volatile soil fumigants, the incorporation of 
herbicides, and the application of pesticides and growth regulators. 
 


The effective and efficient use of an irrigation system can increase the overall growth potential of plants to 
enhance the landscape and improve the management and profitability of plant production.      
 
____________________________________________________________________________________________ 
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Chapter Review 


 
A. Draw a simple plant, showing the roots, shoot, and leaves.  Show how: 
 


1.  water is taken up by the plant. 
 


2.  water is lost through transpiration. 
 


3.  how minerals are translocated. 
 
 
B. What process combines water, carbon dioxide, and light energy to make sugars?                           
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C.  Why is it important to allow the soil to dry between watering?  
 
 _____________________________________________________________________________________ 
 
 
D. List the three basic irrigation techniques.  Describe how they are used and the advantages and 


disadvantages of each. 
 


1.  ___________________________________________________________________________________ 
 
 


2.  ___________________________________________________________________________________ 
 
 


3.  ___________________________________________________________________________________ 
 
 
E. What is an indicator plant, and how is it used?  _______________________________________________ 
 
 
 
F. Why do salts build up on the soil surface, especially in containers?   
 
 _____________________________________________________________________________________ 
 
 
G.  What can you do to prevent salt build-up?  


 
_____________________________________________________________________________________ 
 


 
H. A customer has alkaline irrigation water (pH 8.0).  She asks you if it would help the plants to install a water 


softener in the irrigation system.  What advice would you give?  Describe your reasoning. 
 


_____________________________________________________________________________________ 
 


_____________________________________________________________________________________ 
 
 
I. Describe a few uses for irrigation, other than to supply water to plants. 
 


1.___________________________________________________________________________________ 
 


2.____________________________________________________________________________________ 
 


3.____________________________________________________________________________________ 
 
 


J. What recommendations would you make regarding irrigation to help ensure good winter survival?   
 


_____________________________________________________________________________________ 
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 ANNUALS, PERENNIALS AND ROSES 
 


Original Author:  Sue Peterson 
Revised by the Montana Nursery and Landscape Association 2002 


Lori Parr-Campbell, Nick Engler, Mary Keck, Jennifer Weiss 
 
 


Annuals and herbaceous perennials are an increasingly important part of the retail nursery business.  
Success and customer satisfaction depend upon the plant professional knowing how to select good plant material, 
display it properly, care for it until it is sold, and give customers accurate advice on how to best use the plants.  
 


By definition, annuals are plants that complete their entire life cycle in one growing season.  They are 
grown from cuttings or seed sown early in the spring or the previous fall, flower during the summer, and are usually 
killed by frost in the fall.  Most annuals will provide a long season of bloom and increase in size and beauty as the 
season progresses.  Some annual plants are half-hardy and survive the winter to bloom a second year or readily go to 
seed and self-sow. 
 


Herbaceous perennials are plants that flower in their first or second growing season.  The main distinction 
from annuals is that the root ball remains viable over winter.  Most freeze back to the ground during winter and 
produce new growth in the spring.  While perennials usually have a shorter season of bloom, they can be chosen for 
consecutive bloom, spring through fall and for interesting foliage. 
 
 Biennials are plants that grow leaves the first year, winter over to bloom the second year and then usually 
die. They often perpetuate by self-seeding.  Foxgloves and hollyhocks are common examples of biennials. 


 
Nurseries start displaying and selling annuals and perennials in mid to late April.  It's important to keep 


perennials cool and display them in a well-lighted area.  When placed in the shade or in a heated greenhouse, they 
begin to produce soft new growth that is ahead of the season and may be injured or killed when planted outside. 
Most greenhouse grown annuals or perennials should be hardened off before planting out.  Hardening off is the 
process of gradually acclimatizing a plant to the outdoors. The most hardened perennials are those grown in 
containers outside or in unheated cold frames. Most perennials can be planted out in mid- to late May if they have 
been hardened off. New plants should be covered if hard frosts are predicted. 
 


Annuals sold in April are usually varieties that are cold tolerant and can withstand a light frost. Pansies are 
one example.   May, however, is the peak month for the sale of annuals. June sales can be good if a retailer keeps 
high quality plants.  Some retail garden centers and growers offer annuals in larger containers in order to extend 
sales well into summer.  Since landscaping installations continue until the ground freezes it's important to offer color 
to customers throughout the summer and as late into the fall as possible. 
 


Opinions differ on quality standards for annual plants.  Ideally, if the plants are grown at cool temperatures 
with low levels of fertilization they are stocky and well branched.  If growing conditions are too tough plants may 
become stunted and never regain a normal, vigorous growth rate.  Symptoms of minimal fertilization and 
insufficient water are yellowing of the foliage and often loss or browning of lower leaves.  Stems are thin and wiry 
and the growth rate is very slow.   
 


On the other extreme are plants forced in warm greenhouses with high levels of fertility.  These plants 
appear to be relatively attractive, are dark green in color, and have large leaves and long stems. These plants are too 
"soft" and problems can occur when they are suddenly exposed to cool temperatures and subjected to wind and rain, 
which breaks down the stems and causes spotting of the foliage.  These plants often suffer severe shock when 
transplanted and take a long time to recover. 
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Plants should be grown at a moderate, balanced level of fertility.  Annuals grown in this manner have dark 
green foliage and firm, thick stems.  They can withstand changes in climate and provide the longest possible shelf 
life.  Plants that have been hardened off are especially important for early spring sales.  Later in the season, in May 
and June, plants taken directly from a warm green house adjust well to outside conditions if given regular watering. 
 


Annuals and perennials displayed properly have great sales appeal.  Many annuals, such as geraniums, can 
be sold in bloom.  Attractive displays of flowering plants will draw people to other plants not yet in bloom. Because 
perennial plants are often not blooming in the nursery they should be clearly labeled and displayed with colored 
posters.  Picture tags in packs and pots are valuable sales aids.  The tags should contain descriptions of the plants, 
planting and cultural instructions, as well as zone hardiness ratings. 
 


Not all annual and perennial plants should be displayed in full sun.  Shade-loving plants should be 
displayed and sold under lath or other shade structures.  These plants should also be given some protection if they 
are in a windy area.  Keep in mind that young vigorous plants dry out quickly due to the limited quantity of soil in 
individual cell packs and small pots.  It's important to keep plants well watered to prevent wilting.   Wilted plants 
lose customers and cost sales.  Probably no other nursery items require more diligent care than annuals and 
perennials, but when properly handled, the turnover is fast and profit is good. 
 


If bedding plants are kept by a retail nursery professional any length of time, it's wise to fertilize to keep the 
plants looking green and healthy.  Liquid fertilizers can easily be applied in the irrigation water.  Plants may become 
root-bound and their growth stunted if they are kept too long in containers.  Root-bound plants should be 
transplanted to larger pots or immediately sold to customers with instructions for transplanting.  It is important when 
transplanting root-bound plants to make several shallow cuts in the root ball to stimulate new root growth. Instruct 
customers to water new plants every day if the weather is hot for the first week, and then gradually taper off to a 
regular watering schedule of a deep soak once or twice a week. Most container plantings, such as hanging baskets or 
window boxes, require daily watering.  
 


Diseased, damaged, or dead plants should be immediately removed from displays. Carefully monitor plants 
and take immediate action when infestations occur.  Many infestations can be treated with insecticidal soap or 
yellow sticky traps if noticed early. More serious outbreaks should be quarantined and treated with an appropriate 
pesticide following instructions and precautions on the label.  If insects or disease are evident on incoming plant 
material, return infected stock to the supplier. 
 


Sales people should learn about the plants they sell: how to identify them, know their growth habits under 
different conditions, their USDA zone hardiness rating, and the water, light, and nutrient requirements.  They should 
also be prepared to answer customers' questions and have reference books handy.  Many sources of information are 
available and customers often wish to purchase instructional books if offered for sale.  Sales of annuals and 
perennials offer many opportunities for tie-in sales of compost, peat moss, potting soil, containers, and other 
gardening supplies. 
 
 The site for a new flowerbed should be thoroughly cleaned of weeds and grass before planting. If grass 
roots are not completely killed or removed the grass can quickly take over the new bed. Plastic, metal or wooden 
edging between turf and the bed will prevent the grass from encroaching.  Beds are prepared for planting by adding 
peat moss and compost. Manure may be added but should be thoroughly composted to prevent the introduction of 
weeds. Deeply dig or till in the amendments before planting. The necessity and amount of amendments to use 
depends on the soil and varies from site to site. See Chapter 1 for more information on soil and Chapter 2 for more 
on the use of amendments. Mulching flowerbeds with fine bark or shredded cedar will help retain moisture and 
reduce the need for weeding. The mulch around the crown of the plants should be shallow or rot can become a 
problem. 
 


Since perennials live from year to year in the landscape they require maintenance to keep them vigorous 
and healthy.  Other than watering, weeding, and controlling pests, perennials generally need little extra care during 
the first growing seasons. Tall perennials may need support to prevent flower stems from breaking.  Some perennials 
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need additional nutrients after a year or two, depending upon the soil and planting preparation.  In general flowering 
plants benefit from a fertilizer higher in phosphorus. See Chapter 3 for more information on nutrition and 
fertilization. 
 


After two or three years many perennials should be union.  Some perennials, such as peonies, can go many 
years or longer without division. It’s time to rejuvenate a plant if the center has died out, if the plants are 
overcrowded, or if blooming has diminished. The timing of division is often dictated by the flowering date.  
Perennials that bloom in the spring or early summer are usually divided in the fall or after the foliage dies back. 
Summer and fall-flowering types are divided in early spring before growth begins.  Iris and daylilies are divided 
after they bloom in mid- to late summer.  Perennials being divided should be replanted or potted as soon as possible. 
Use the opportunity to replenish the soil with organic matter or other amendments as needed. After divisions are 
planted they should be watered well and given some protection from the sun for a couple of days with shade cloth. If 
dividing in the late summer or fall, do it early enough so that the plants can establish themselves before winter, 
usually before mid-October.  Mulch well after the ground freezes, usually late November, to prevent freezing and 
thawing which may heave the newly set plants from the ground. 
 


Annuals and herbaceous perennials provide color and interest in a landscape.  Businesses realize that bold 
colors attract attention to their locations.  Homeowners like the way annuals and perennials give a finished look to 
their landscapes. Annuals and perennials are also used to blend landscapes into their natural surroundings.  A natural 
look is achieved using a combination of shrubs, trees, flowers, and grasses. 
 


 Herbaceous perennial plantings are more complex than annual plantings because perennials don't bloom 
continuously throughout the spring, summer, and fall.  In a hot summer some perennials may only bloom for a few 
days, especially if they do not have adequate water.  In designing perennial plantings one of the main goals is 
continuous bloom through selection of plants that flower in different seasons.  Since only some of the plants are 
blooming at any one time, it is helpful to choose perennials that have interesting foliage because of leaf texture or 
color. These include hostas, ferns and ornamental grasses. These plants tend to look nice all season and only need to 
be cut back in the spring before new growth emerges. 


 
Bulbs offer another exciting way to bring color to the landscape.  Many bulbs such as tulips and daffodils 


are planted in the fall for spring bloom. Some of the summer and fall blooming bulbs that are not winter hardy are 
planted each spring.  Many of these can be lifted in the fall and stored for spring planting to over winter. 


 
Annuals interplanted with perennials add more color, especially at the front of a bed or in a new bed. Since 


most annuals bloom constantly from early summer through frost, they can be used for areas where a bold color 
statement is wanted, such as entry plantings.  Annuals complement other plants and maintain landscape color 
throughout the growing season. They help connect the bloom times of shrubs and perennials. Successful flowerbeds 
often have a good backbone of shrubs in the planting to provide winter interest and structure year round. 
 


To use annuals and perennials successfully, you must know each plant variety individually and how each 
performs in your area and environment.  Not all plants offered for sale are great in the landscape. Check the zone 
hardiness ratings, moisture and light requirements as a starting point to gauge how successful a particular plant 
might be.  Advice from other gardeners and plant professionals will help identify aggressive or weedy plants to 
avoid. 
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Perennials should be deadheaded after flowering. Deadheading simply means pinching or cutting off the 
dead flowers.  This practice prolongs blooming, reduces unwanted seeds, and enhances the look of a flowerbed.  As 
the season progresses many annuals benefit from deadheading as well. The foliage of bulbs should be cut back only 
after it yellows.  Cutting it back too soon may prevent the plant from flowering the following season. 


 
 Fall-blooming perennials supply interesting foliage most of the growing season, and a lovely and welcome 


surprise of blooms after long summer heat.  Most begin blooming in late August and carry on well into the first hard 
frosts. Cleanup can be done in either late fall or early spring.  Interesting seed heads may be left for birds, for winter 
interest, or for reseeding purposes.  A few perennials like tall phlox should be cut in the fall to discourage disease.  
On dry sites it is probably best to leave the tops of most perennials for spring removal to provide mulch and 
protection for the plants. 
 
 Peonies are long-lived perennials that require some special cultural considerations.  Peonies do best in a 
sunny, well-drained location. Space plants 3’ apart. Potted peonies can be planted spring through fall.  Peony roots 
are best planted in late fall.  Soak the root if it is dry and plant with the eyes just an inch or two below the soil 
surface.  Check where the stems meet the roots on a potted plant -- this is the “eye” level.  If planted too deeply, 
peonies will take an extra year or two to bloom. Cultivate and amend the planting area well. Pack dirt around the 
roots to ensure that the root will not settle deeper when watered.   
 
              Mulching new roots the first winter is suggested. Peonies should not be over-fertilized as this may reduce 
flowering. Any complete garden fertilizer that is not too rich in nitrogen should be applied in spring when the 
foliage is 6” tall. Place out at the drip line, not on the crown. Rose food and conservative amounts of bone meal are 
ideal for peonies.   
 
              Botrytis fungus is the most common disease problem in peonies and is most prevalent during wet periods. 
Remove any infected leaves (rotted young shoots or dense gray mold) and clean up mulch in the spring.   Peony 
foliage should be cut back in the fall to prevent disease from being carried over. Caging or staking is frequently 
required because of the large, heavy blooms.  Ants are normally found eating the sap on peony buds and do not harm 
the plants. 
 
 Tea roses are a woody plant but can be either an “annual” or “perennial” in harsh climates. Tea roses 
should be planted deeply for best success. If the graft or bud union is well below the soil surface (2-4 inches) they 
are much more likely to winter over. Roses are heavy feeders and need rich soil and regular water. See Figure 12-1. 
 


Good air circulation and full sun will both reduce disease and improve flowering in tea roses. Several pests 
and diseases can be problems.  Aphids often congregate on new shoots, leaves and flower buds.  Knock adults off 
with blasts of water or spray the plants with insecticidal soap and summer horticultural oil. Dormant oil in late 
winter and early spring will kill the eggs.  A common fungal disease is black spot. This water borne fungus infects 
leaves during warm humid weather. Plant resistant varieties and leave plenty of space between plants as a preventive 
measure. At the first signs of black spot remove infected leaves and discard. Spray new growth twice weekly with a 
mixture of one-tablespoon baking soda and a few drops of summer horticultural oil in a gallon of water. This 
treatment is also effective against powdery mildew. 


 
With diligent care tea roses may be successfully carried over from year to year.  In late fall cut the canes 


back to ~1’ and mound each bush with soil to a depth of several inches and cover with mulch.  Cones can also be 
used to cover roses after mounding with soil, but care must be taken to ventilate or remove them during warm spells.   


 
Hardy shrub roses are becoming popular as an alternative to the more tender tea roses. Shrub roses 


generally require less care and little or no winter protection after the first year. Many are grown on their own root 
(meaning they are not grafted) so if they should die back in a hard winter they will often come back. 
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Figure 12-1.  Roses. 
 
 


Annuals and perennials offer an exciting way to add color to the landscape.  With good site preparation, 
thoughtful plant selection, and routine care beautiful flowers can grace the landscape for three seasons of the year. 
All the nuances and possibilities for using annuals and perennials in the landscape are beyond the scope of this 
manual, but many wonderful books have been written on the subject. See the reference list that follows for a few 
suggestions.  Chapter 21 gives a list of suggested perennials.







 


 
12-6 


 
____________________________________________________________________________________________ 
 References 
 
 
Bedding Plants. L. Hole. 1995. Lone Pine Pub. Edmonton, Alberta, Canada. 
 
Gardening with Perennials. F.M. Bradley, ed. 1996. Rodale Press. Emmaus, PA. 
 
Growing Shrub Roses in Montana.  R. Gough.  Montana State University Extension Service.  Montana Guide 
#199603. 
 
Manual of Herbaceous Ornamental Plants. S.M. Still. 1998. Stipes Pub. Champaign, IL. 
 
Passionate Gardening.  L. Springer and R. Proctor.  2000.  Fulcrum Publishing, Golden, CO. 
 
Perennials. In two volumes. R. Phillips & M. Rix. 1991. Random House. New York, NY. 


 
Perennials: How to Select, Grow and Enjoy. P. Harper and F. McGourty. 1995.  HP Books.  Los Angeles CA. 
 
Perennial Favorites.  L. Hole. 1995. Lone Pine Pub. Edmonton, Alberta, Canada. 
 
Pictorial Guide to Perennials. M. Helmer, J. Coleman and K.S. Decker Hodge. 1996. Merchants Pub. Kalamazoo, 
MI. 
 
Rodale’s Illustrated Encyclopedia of Perennials. E. Phillips and C. Colston Burrell. 1993. Rodale Press. Emmaus, 
PA.  
 
The Explorer’s Garden: Rare and Unusual Perennials. D. Hinkley. 1999. Timber Press. Portland, OR. 
 
The Garden of Joy.  J. D. Searles. 1990. Medicine River Pub. Great Falls, MT. 
 
The Great Plant Guide.  American Horticultural Society.  T. Lee, ed. 1998. Dorling Kindersley.  
New York, NY. 
 
The Undaunted Gardener.  L. Springer. 1994. Fulcrum Pub. Golden, CO. 
 
The Encyclopedia of Ornamental Grasses. J. Greenlee. 1992. Rodale Press. Emmaus, PA. 
 
Waterwise and Native Plants for Missoula County.  Missoula County Extension Service. n.d. Montana Dept. of 
Agriculture, Agriculture Development Council. Missoula, MT. 


 
 
 
 
 
 
 







 


 
12-7 


__________________________________________________________________________________________


 Chapter Review 
 
 
A. What are the differences between an annual and an herbaceous perennial?  _________________________ 
 


_____________________________________________________________________________________ 
 
 
B.  Define a biennial, and give two examples.  ___________________________________________________ 
 
 
C. How should perennials or annuals be hardened off?   Why?  _____________________________________ 
 


_____________________________________________________________________________________ 
 
 
D. Explain ways to create continuous bloom in a flowerbed.  _______________________________________ 


 
_____________________________________________________________________________________ 


 
 
E. What is deadheading and why is it a good practice?  ____________________________________________ 
 


_____________________________________________________________________________________ 
 


_____________________________________________________________________________________ 
 
 
F.  In what season should an herbaceous perennial be divided?  
 


 ____________________________________________________________________________________ 
 
 
G.          Peony roots should be planted so that the eyes are at what depth? ________________________________ 
 
 
 
H.          How can tea roses be planted and protected to minimize winter injury?  ___________________________ 
 


 ____________________________________________________________________________________ 
 


_____________________________________________________________________________________ 
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 PLANT PROPAGATION 
 
 Original Author:  Joe Carter 


Revised by the Montana Nursery and Landscape Association 2002 
Nancy Beech, Nick Engler, Mary Keck, Jennifer Weiss 


 
Plant propagation is the multiplication of plants by means of seeds or spores (sexual propagation) or by 


vegetative parts (asexual propagation).  Propagating plants has been a fundamental occupation of mankind since 
civilization began. Without plant propagation, the nursery industry would not exist today.  The preservation and 
reproduction of valuable plants depends upon successful plant propagation.   
 


There are three main aspects to a successful study of plant propagation.  Successful propagation first requires 
knowledge of plant growth and structure.  This may be said to be the science of propagation.  The propagator may gain 
this knowledge by working with the plants themselves, but it should be supplemented, when possible, with formal 
courses in botany, horticulture, genetics and plant physiology.  This knowledge will aid the propagator in understanding 
why he does the things he does, enabling him to do them better and to cope with unexpected problems. 
 


Secondly, successful propagation requires knowledge of mechanical manipulations and technical skills that take 
a certain amount of practice and experience to master, such as how to bud or graft or how to make cuttings.  This aspect 
may be considered the art of propagation.  
 


The third major aspect of plant propagation is the knowledge of different kinds of plants and the various 
methods by which certain plants can be successfully propagated.  This knowledge is also gained by first-hand experience 
but much can be learned from other propagators, from numerous books and manuals of plant propagation, from the 
scientific literature and from associations such as the International Plant Propagators' Society.  Each of these sources can 
be valuable. 
 


Sexual propagation is accomplished with seeds for higher plants and with spores for ferns and their allies.  
Seeds are the result of pollination of a flower by pollen followed by fertilization of the ovules by the pollen.  Fertilization 
results in the mixing of genetic material from each parent and produces individuals that may differ from each other and 
the parents.  In nature, seeds will produce plants that are very similar to the parents but genetic recombination 
occasionally produces plants with traits that may be more desirable than those of either parent.   Sexual reproduction 
maintains diversity in a population and allows for natural selection to occur, as well as selection by plant breeders.  
Selection of plants with such desirable traits has given us many of the cultivars available today. 
 


Plant breeders who cross particular parents in order to produce seedlings with certain characteristics produce 
hybrid plants.  Hybrids are common among perennials, annuals and vegetables used in the trade.  Hybrid plants do not 
produce seed that is true to type.  In other words, seed from hybrid plants does not necessarily produce seedlings that 
resemble the parent plant.  Saving seed from your prized hybrid often gives disappointing results. 
 


Asexual or vegetative propagation usually produces plants with the same traits as the stock plant, and is the 
means of perpetuating true-to-name varieties.  The only time that vegetatively reproduced plants are not the same as the 
stock plant is when the genetic information in a cell is not copied correctly during cell division (a mutation occurs).  
Mutations change the character of the plant.  Although most mutations result in plants with undesirable traits, some 
mutants or sports have useful or novel traits.  Many prized ornamental and fruit tree cultivars originated as chance 
mutations.  
 


Some forms of propagation require little equipment while others may require greenhouses, hotbeds, coldframes, 
misting equipment, or sterile laboratories, etc.  A wide variety of growing media and containers are used as well.  The 
medium may consist solely of soil, sand, organic material such as peat, sphagnum moss, shredded bark, or aged sawdust, 
or minerals such as perlite, vermiculite and pumice, but usually is a mixture of several of the above.  Containers may be 
of clay, metal, plastic or pressed peat.  Paraffin-coated paper or plastic cups punched for drainage, manufactured plant 
bands or containers made of asphalt-treated building paper are also useful. 
 


Regardless of the materials used, sanitation is extremely important.  During propagation, whether by sexual or 
asexual means, plants are susceptible to attack by pests and diseases.  All plant material, tools, handling equipment, the 
work area, containers and media components need to be free of pathogens for successful propagation to occur.  
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Containers, tools and equipment can be boiled, soaked with commercial disinfectants or treated with a 1:9 solution of 
household bleach to disinfect surfaces.  Many seeds can be surface sterilized using the same materials.  Most soilless 
media components are relatively free of pathogens but soil can harbor weed seeds, undesirable insects, nematodes, and 
disease organisms.  Stock plants need to be free of pests and diseases and care should be taken throughout propagation to 
keep plant material healthy and uninfected.  
 


Propagation Records 
 
Propagators should begin propagating a particular plant by learning all they can about that plant from colleagues 


and published references.  Using this reference information as a base, personal experience will enable a propagator to 
develop individual and specific techniques.  These modifications - the tricks of the trade - separate the average from the 
skilled propagator.  Development of propagation skills depends upon accurate records.  Experience gained each year can 
then be applied in subsequent years.  
 


A journal may be the easiest way to keep propagation records. A good propagator makes entries as the work is 
accomplished, rather than at the end of the day or week.  Details are easily lost in a short time.  After the propagating 
season, summarize all journal entries and develop a recommended standard procedure for the next season.  File each 
procedure by plant name for easy access. 
 


The final step in record keeping is to update the summary and recommendations each season, using information 
from the current journal.  Several years of experience are often the best tools for improving propagation techniques.  The 
following information is essential for a propagation journal: 
 
1. Date propagation began 


2. Name of plant (common and scientific) 


3. Source and type of propagating material 


4. Propagation medium used 


5. Treatment(s) applied including sanitation procedure.  


6. Temperature and light conditions 


7. Date propagation completed 


8. Percentage of success and suspected reasons for failures 


9. Percentage of survival and productivity of plants after propagation 


 
Sexual Propagation 


 
Sexual propagation by seeds is the major method by which many plants reproduce in nature and one of the most 


efficient and widely used propagation methods for cultivated plants.  Seeds can be purchased for propagation or the 
propagator can collect them.  Seed collection requires considerable knowledge of the timing of seed ripening and seed 
dispersal, size and appearance of seeds, location of seed-bearing plants, as well as techniques for cleaning and storing 
seeds.  
 


A seed is a mature ovule enclosed in the mature ovary or fruit.  Seeds consist of an immature plant (the 
embryo), food storage tissues, and seed coverings.  Seeds and fruits of various plants differ greatly in size, appearance, 
and germination requirements.   
 


Successful storage requires specific knowledge about the seeds.  What works for one plant may not work for 
another.  The seeds from some species, such as willows, poplars, elms and some maples, remain viable for only a short 
time in storage.  Other seeds are sensitive to moisture content and lose viability rapidly after drying.  The seeds from 
some species may remain viable for many years in storage.  In general, seed viability is best preserved under cool, dry 
conditions.   
 


For seeds that are not sensitive to low moisture conditions there are two "rules of thumb" for storage.  The first 
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rule is that each 1 percent decrease in seed moisture (between 5 and 14 percent) doubles the life of the seed.  Secondly, 
each decrease of 10o F (between 32o and 112o F) in storage temperature also doubles seed storage life.  Moisture content 
or temperatures outside these ranges decrease the storage life of seeds. 
 
Seed Germination 
 


Seed germination typically begins following the uptake of water (imbibition) by dry seeds, although some 
seeds, such as acorns, germinate without having gone through a drying period.  Following imbibition, food reserves are 
mobilized and growth regulators are produced or activated.  If germination is successful, the root tip (the radical) 
emerges from the seed.  Seed germination requires that a seed be viable, non-dormant, and exposed to appropriate 
environmental conditions.  In general, germination requires moisture, proper temperatures, gas exchange, and 
appropriate light or darkness.  Some species germinate more readily after exposure to light while germination in others is 
inhibited by light. 
 


Because seed-germinating media are kept constantly moist, evaporative cooling usually lowers the temperature 
of the media.  Cool germination conditions often slow the germination process and favor the development of fungi that 
cause damping off, a major disease of seedlings.  Adding extra heat to the germination medium (bottom heat) often 
speeds germination and early seedling development, and can retard damping off.  Other controls for damping off include 
the use of a medium with good drainage, such as sphagnum moss, sufficient but not excessive watering, good 
ventilation, low density plantings, seed treatment with fungicides, low pH of the germination medium, preventative 
fungicidal drenches after sowing or germination, and proper sanitation. 
 


Seeds may be sown in or on pasteurized soil or soilless mix in flats or pots, or directly into outdoor seedbeds.  
Generally, seeds should be covered to a depth of 2 to 4 times their diameter, although seeds that require light for 
germination should be planted shallow.  Seed coverings of coarse sand, perlite, or fine gravel are sometimes used to 
prevent algae growth and overheating of the soil. Very fine seed may be sown without covering by mixing the seed with 
sand or other inert material for more uniform distribution. 
 


Germination media should be pre-soaked or moistened after sowing and kept moist.  Glass or plastic coverings 
or frequent misting are effective ways of keeping media moist until germination occurs.  Commercial algaecide drenches 
are available to help prevent the growth of algae and moss on the soil surface. 
 


Once seeds germinate, coverings should be removed and the medium can be allowed to dry slightly on the 
surface.  Light may be gradually increased and temperatures lowered to produce vigorous, stocky young plants.  Plug 
seedling producers often keep night temperatures slightly higher than day temperatures to produce uniform, stocky 
seedlings.  These treatments favor good root development and reduce losses from damping off.  Seedlings can be 
transplanted, if necessary, after they develop two to four true leaves.  Plants grown in the open are best transplanted on 
cloudy days or during evenings, and just before a rain, if possible.  Shading newly transplanted seedlings for 2 to 3 days 
helps to reduce transplant shock.   
 
Seed Dormancy 
 


Some seeds can enter into a condition known as dormancy during their ripening, after removal from the fruit, 
after drying, or during storage.  Dormant seeds germinate slowly or not at all, even when placed under appropriate 
germination conditions.  Seed dormancy is an adaptation for natural survival, but often does not favor easy germination 
by propagators. 
 


Seed dormancy may be due to one or a combination of three factors: (1) a hard, impervious seed coat (2) 
internal chemical inhibition and/or (3) an immature embryo.  Treatments can be used to break seed dormancy. 
 
(1)  Hard Seed Coat 
 


An easy way to determine whether seeds have a hard seed coat is to soak them overnight in warm water.  If the 
seeds do not swell, the seed coat may be hard and impervious to water and/or oxygen.  Hard seed coats may be broken 
by abrasion or scarification.  With large seeds, a file or sandpaper can be used to penetrate the seed coat, but with small 
seeds some other method must be used.   
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Strong acids, such as sulfuric acid, can be used to scarify any size of seed.  Handling strong acids is dangerous 
and requires special precautions.  Many seeds with hard seed coats can be scarified safely with household bleach.  
Several hours of soaking in a 1:1 mixture of bleach and water often dissolves seed coats.  Timing is important with both 
acid and bleach because once the hard seed coat is dissolved; the embryo is exposed and may be killed.  Heavy watering 
of seeds after scarification can cause a disorder known as imbibition damage.  This disorder kills the embryos before 
they can germinate.  Exercise caution when watering seeds after scarification. 
 


Scarification with hot water may also break hard seed coats.  Drop seeds into four to five times their volume of 
hot (170o to 212o F) water and remove immediately from the heat source.  Allow the water to cool for 12 hours or more.  
Unswollen seeds can be separated with appropriately sized screens and retreated.  Swollen seeds should be sown 
immediately after the hot-water treatment.  Aerating the seeds while they are soaking is advisable.  An aquarium pump 
should provide adequate aeration for small volumes of seeds and water. 
 


Planting them outdoors in the fall can naturally scarify some seeds.  Fall sowing allows microbial action on the 
seed coat.  Alternate freezing and thawing may further stress the seed coat and enhance water uptake.  Exposure to 
several freeze-thaw episodes in a home freezer may be effective as a scarification treatment.   
 
(2)  Internal Chemical Inhibition 
 


The seeds of many temperate-zone species are dormant when released from parent plants because of chemical 
conditions inside the seeds.  Inhibiting chemicals can occasionally be washed or leached from seeds, but a more reliable 
method is cool, moist storage or stratification.  Because stratification requires that seeds be imbibed (taking in moisture), 
cool or cold, dry storage will not break dormancy.  The best cold stratification temperatures are above freezing (33 to 
40oF).  Although freezing usually will not harm dormant seeds, those which have broken dormancy and begun to 
germinate can be injured or killed by freezing.  Stratification can be achieved naturally by sowing the seeds outdoors in 
the fall.  Seed flats, covered with plastic to prevent drying, can be chilled in a refrigerator as well.  To save space, all but 
the smallest seeds can be placed in moist sand or peat moss in plastic bags in the refrigerator, rather than sown in flats.  
The length of stratification necessary to overcome internal dormancy depends upon the species and varies widely.  
Although generalization is difficult, 4 to 6 weeks is often the minimum time required and some species require up to 26 
weeks of stratification.   
 


Cold stratification can be replaced for some species by soaking the seeds in gibberellic acid.  Effective 
concentrations range from 100 to 1000 parts per million, with seeds soaked for 12 to 24 hours.  Excessively high acid 
concentrations or extended soakings may not kill the seeds but can cause elongation of the young seedlings.  Hard seed 
coats must be ruptured before soaking in gibberellic acid.   
 


Some species require a warm stratification, followed by a cold stratification in order for germination to occur.  
Seeds from these species often germinate the second year after sowing out of doors.  Warm stratification can also be 
carried out in incubators. Because the warm, moist conditions during warm stratification favor mold development, 
cleanliness and sanitation are critical for successful propagation.  Seeds are often surface-sterilized using a 1:10 solution 
of household bleach in water before warm stratification.  
 
(3)  Immature embryo 
 


The seeds of some species (especially woody plants) may be released from parent plants with underdeveloped 
or immature embryos.  In order to germinate, these seeds typically need warm, moist conditions for the embryos to 
mature (after-ripening). Immature embryos may complete development if the seeds are sown outdoors in late summer or 
early fall.  Direct sowing in the field can be challenging since it is difficult to weed without disturbing the seeds and 
seedlings.  If seeds are planted inside a heated structure, water the seed flats well and keep them covered to prevent 
drying.  Many seeds with immature embryos also exhibit other forms of dormancy and must be scarified or otherwise 
treated in addition to after-ripening. 
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 Review 
 
A. Describe, briefly, the three main aspects of plant propagation. 
 


  ______________________________________________________________________________________ 
 


  ______________________________________________________________________________________ 
 
 
B. What is sexual plant propagation?  Give examples of how you would use it in a nursery. 
 


_________________________________________________________________________________________ 
 


_________________________________________________________________________________________ 
 
 
C. You've just received an order of several years’ supply of seeds that you plan to use in propagating plants for 


your nursery.  How will you store the seeds? 
 


_________________________________________________________________________________________ 
 
 
D. What is seed dormancy?  ___________________________________________________________________ 
 
 
E. Briefly describe the three types of seed dormancy and ways to overcome each. 
 


_________________________________________________________________________________________ 
 
 
F. A customer wants to know how to germinate the tomato seeds she just bought from you.  What is your advice?  


Hint:  tomato seeds are normally not dormant. 
 


_________________________________________________________________________________________ 
 


_________________________________________________________________________________________ 
 


_________________________________________________________________________________________ 
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Asexual Propagation 
 


Methods of asexual propagation are so diverse that a discussion of all methods is beyond the scope of this 
manual.  The following are the most common methods for propagating nursery crops asexually.   
 
Division 
 


The simplest form of asexual propagation is division of one parent plant into two or more individuals.  Plants 
that form clumps and an increasing number of stems, such as day lilies, are most suitable for division.  The clump is 
simply removed from the soil and broken or cut into segments including a root or part of a root and a shoot or bud.  
While fibrous-rooted plants divide most easily, fleshy-rooted species, such as Peony, may also be divided.  Use a sharp 
knife to cut apart the crown or roots so that a bud or stem remains on each division.  Very large clumps need not be dug 
completely, provided enough propagating material can be obtained from a section of the clump.  The section may be 
severed from the clump with a sharp spade, removed from the soil, and divided.  Figure 5-1 shows several types of 
propagation divisions. 
 


For most species, division is best conducted in the early spring or mid fall when foliage is ether undeveloped or 
fully matured and senescing (aging).  Early-flowering plants are usually divided in autumn, while those flowering in late 
summer may be divided before growth starts in the spring.  Some species, particularly those typically cut back severely 
after flowering, should be divided immediately after flowering.  Divisions with fully developed, young, succulent foliage 
will wilt excessively and require shading and/or cutting back.  Divisions planted in the fall must be mulched after the 
ground freezes to prevent freeze-thaw cycles from heaving them out of the ground.  Very small divisions, especially 
those with expanded foliage and very little root, are best treated as cuttings.   


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 
 
 
Figure 5.1.  Propagation using divisions.    
 
Layering 
 


Layering involves rooting shoots while they are still attached to their parent plants.  Some plants, such as 
blackberries, form natural layers.  In other species, root production must be induced.  Layering involves covering part of 
a shoot, stem, or branch with soil or other media into which roots can grow.  Roots form on the covered stem while it is 
still attached to the plant.  Layering is particularly useful for plants that do not root well from cuttings.  Figure 5-2 
illustrates several layering methods. 
 


When layering in the nursery, stems are usually wounded and a root-promoting compound (auxin) is placed on 
the wounds.  After rooting, new plants are detached by severing the rooted stem sections between the new roots and the 
stock plants.  Layering is generally slower than some other forms of asexual propagation but, for difficult-to-root 
materials, it may be the only way.  The main advantage of layering is that the layer remains attached to the plant and 
suffers little stress during the rooting process. 
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Layering may be done in spring, summer, or autumn and branches may usually be severed from stock plants at 
the end of a year.  Quick-rooting layers may be transplanted immediately, but slower types, such as rhododendron or 
magnolia, should be left a second year for the formation of more roots.  Layering may be used for perennials such as 
dianthus; woody ornamentals such as clematis, Philadelphia, and Ilex; or for house plants such as Ficus.   


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.2.  Plant propagation by layering.  Simple layering: A- stems are secured into the soil; B- plants are 
detached from the parent plant following rooting.   Stool bed layering: C- cutting is planted, then cut back 
following establishment; D- media is mounded around base of new stems; E- cuttings are removed from 
parent plant following rooting.    
 
 
 
Stolons, Offsets, and Rhizomes 
 


Some plants reproduce naturally by forming layers from stolons, offsets, and rhizomes.  Rooted portions of 
stems are removed from stock plants by division and planted in a new site.  Stolons, also known as runners, are 
horizontal stems, which lie on the soil surface and produce new plants at their nodes.  Strawberries and carpet bugle 
(Ajuga) are often propagated by stolons.  Offsets are merely very short stolons.  Rhizomes are horizontal stems under the 
soil surface which root at their nodes and send up one or more leafy shoots.  Figure 5-3 demonstrates propagation using 
stolons and rhizomes. 
 


Plants with stolons or rhizomes typically spread to form clumps and can be propagated by division.  Since each 
of these horizontal stems has nodes with buds and the potential to form roots, however, cutting the stems into short 
sections, each with its own bud, and rooting the cuttings can be used to produce more plants more quickly than by the 
use of clump division alone. 


 


A 


B 


C 


D 


E 
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Figure 5.3.  Propagation using rhizomes (left) and stolons (right).   
 
 
Bulbs and Corms 
 


Bulbs are underground storage organs composed of unextended stems and many leaves that are modified for 
storage.  Tulips, daffodils and lilies are examples of plants with bulbs.  Corms are underground storage organs composed 
of stem tissue. In contrast to bulbs, a corm is a solid stem structure with distinct nodes and internodes.  Gladiolus and 
crocus are typical cormous plants.  Both bulbs and corms divide naturally, with one bulb or corm forming 2 or 3 new 
bulbs or corms each year.  Many bulbous plants also produce tiny bulbs (bulblets) near the base of mother bulbs, and 
cormous plants produce tiny corms (cormels) on stolons at the base of mother corms. 
 


Propagation can be achieved by harvesting and planting bulbets and cormels, although flowering may not occur 
for one or more years.  Many scaly bulbs, such as lilies, can be propagated from bulb scales, which are really leaf 
cuttings.  Simply break the scales from the bulb and plant them.   
 
Cuttings 
 


Rooting cuttings is one of the most common propagation methods, especially for ornamental deciduous and 
evergreen shrubs, many greenhouse crops, and some fruit tree rootstocks.  Cuttings are incomplete segments of a plant 
which, when placed under proper environmental conditions, will generate an entirely new plant.  Stem cuttings produce 
roots and leaves, root cuttings produce stems and leaves, and leaf cuttings produce roots and stems.  Not all plants can 
generate missing parts, so not all plants can be propagated from cuttings.  Some plants, such as quaking aspen, produce 
shoots on root cuttings, while others do not.  Succulent plants, such as African violets, can be propagated using leaf 
cuttings. Because cuttings are made from small segments of a stock plant, rapid propagation of many new plants is often 
possible. Because cuttings are missing important parts of the plant, they require special conditions to survive.  Cuttings 
of some species, such as willow, may root when stuck in the field and ignored, but such plants are the exception. 


 
Because cuttings are wounded in the cutting process, they are susceptible to diseases.  Tools used to take the 


cuttings should be sharp and disinfected with a bleach solution between cuttings to prevent spreading diseases.  Rooting 
media should be sterile and well drained.  Drainage is important for air penetration into media, since lack of oxygen 
favors disease and damages stems and developing roots.  Treating cut surfaces with fungicides helps to prevent rot.  
Many commercial rooting compounds contain fungicides along with the root-promoting substances.  The propagator 
should keep in mind, however, that fungicides might inhibit rooting of some plants. 
 


Because stem and leaf cuttings lack roots and can't take up water effectively, they must be protected from 
drying.  Root and shoot formation requires energy, and leaf and stem cuttings must have light.  Reducing water stress 
while providing as much light as possible can be challenging. 
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The most effective method of rooting stem and leaf cuttings is under intermittent mist in a cold frame or 
greenhouse.  A fine mist is applied to the cuttings for 10 to 30 seconds every 10 to 20 minutes during sunny weather and 
less during cloudy weather or at night.  The high humidity produced by the mist reduces water stress, while high light 
from the sun speeds rooting.  The major disadvantages of mist propagation are startup expenses, maintenance, and the 
requirement for a clean water source to prevent clogging mist nozzles.  Well-constructed mist systems are relatively free 
of disease, although fungal and bacterial problems may occur.  Figure 5-4 demonstrates the handling of softwood and 
semi-hardwood cuttings. 
 


High humidity for rooting cuttings without mist can be achieved by covering propagation flats with glass or 
plastic film.   The glass or plastic is normally supported on frames.  Protect the cuttings from direct sunlight by locating 
the frames on the north side of a building, under a shade tree, or under shade cloth.  Rooting may be slower because of 
the decreased light intensity, but startup expenses are considerably less than with a misting system.  Cleanliness in 
propagating cuttings is critical.  A water source, preferably a mist nozzle on a hose, must be readily accessible.  
Propagation frames out of doors require daily attention, particularly with regard to watering.   


 
Antitranspirants have also been used successfully in propagating some species without mist systems. 


 


 
 
Figure 5-4.  Propagation of softwood and semi-hardwood cuttings.  
 
 


 
Stem cuttings of woody plants can be classified as softwood, semi-hardwood, or hardwood.  The best kind of 


cutting to use depends upon the plant to be propagated.  Softwood and semi-hardwood cuttings are current-season 
growth and generally root faster than hardwood cuttings, which are shoots from the previous season.  Leaves on 
deciduous softwood and semi-hardwood cuttings produce carbohydrates through photosynthesis and provide plant 
growth substances to the cutting.  Leaves also increase water loss, however, so that cuttings may be easily stressed.  
Deciduous hardwood cuttings are less easily water-stressed, but the lack of photosynthesis slows rooting.  Hardwood 
cuttings are often preferred, even though they root more slowly, because they can be collected during the fall and winter. 
The advantages of green leaves for producing plant-growth substances and photosynthetic energy, as well as the 
disadvantages of increased water loss, also hold for hardwood cuttings of evergreens.  
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Leaf cuttings may be used to propagate plants such as begonia or African violet.  The leaf blade and petiole is 


inserted into the medium and kept moist until roots form.  If roots, but not shoots, form on leaf cuttings, new plants can 
usually be obtained by including a small portion of stem and an axillary bud in the cutting. 


 
Budding and Grafting 
 


Grafting is used to propagate cultivars that are not easily propagated by other methods, to combine in one plant 
the desirable qualities of two or more plants, to repair damage, or to produce large, mature plants quickly.  Grafting can 
shorten the period to flowering or fruiting, change the shape or habit of a plant, or create fruit trees consisting of more 
than one cultivar.  Currently, grafting propagates many fruit tree and shade tree cultivars.  
 


Both budding and grafting involve the fusion or growing together of parts of two or more different plants to 
make a single individual.  For the union to take place, dividing cells in the cambium of both stock (the part with roots) 
and scion (the part grafted to the rootstock) must touch firmly.  Because dividing cells are extremely fragile and very 
susceptible to drying, the graft (or bud) union must be protected from drying and movement.  With the stock and scion 
bound together and the union protected, cells of the cambium in both stock and scion begin dividing to form wound 
callus.  The calli intermix and eventually the vascular tissues unite to form a single stem.  Care should be taken while the 
graft is healing to prevent movement of stock against scion, since such movement will disrupt vascular connections and 
cause a failed union.   
 


Types of grafting differ in several ways depending on the window of opportunity to perform the graft, and 
seasonal changes. The three most common types of grafting are bench grafting, whip grafting and bud grafting. 


  
Bench grafting is performed at a bench using dormant scion wood (plant material collected for duplicating or 


cloning the host or parent variety) collected in late winter or early spring before breaking dormancy. The understock is 
normally a cutting grown for one year, harvested in fall and placed in storage until needed.  


 
To accomplish a successful graft the scion and rootstock should be of similar caliper, each cut at the proper 


angle, fitted together and then securely wrapped to ensure there is no movement. The graft is dipped in grafting wax of 
the proper mix and temperature, and stored under optimal conditions before spring planting. 
 
 The advantages of bench grafting are that the window of opportunity to graft is several months long, and first 
season growth will develop after grafting.  The disadvantages include having to collect and store of rootstocks and scion 
wood, waxing of grafts, and post graft care. 
 


Whip grafting resembles bench grafting in that the plants are handled while dormant, but the understock is 
growing in the field.  Scion wood is collected in the same manner as for bench grafting. The scion and understock are cut 
to fit in the field. As in bench grafting, properly fitting scion to understock is important for a successful graft. Grafts 
must be tied securely and waxed or coated with sealers specifically made for the process. 
 
 The principle advantage of whip grafting is that no transplanting is necessary and first season growth will 
develop after grafting. Many tree repairs or top working can be done with this method.  The disadvantages of whip 
grafting include a very short window of opportunity to make the graft, and success can be impaired by weather 
conditions. Additionally, the size of the understock can vary sometimes making it difficult to match the scion wood. 
  


Bud grafting is done in mid to late summer, close to the time of terminal bud set.  Bud wood is collected a few 
days before propagation and stored under cool, moist conditions. Budding, like whip grafting, is performed in the field. 
The bud is slipped into a T or chip cut in the rootstock a few inches above the ground.  The buds are tied in place with 
rubber or plastic strips so no waxing or sealing is required.  Bud wood is similar to scion wood except that only the 
actual bud is used for grafting. Scion wood or bud wood sticks are current season’s growth cut 12’ to 18’ in length. There 
may be as many as 15 buds to a stick that are suitable for bud grafting, or a stick can be cut into 2 or 3 pieces of scion 
wood to be used in bench or whip grafting. 
 
 The advantage of bud grafting is the high rate of success; however there is a short window of opportunity for 
this process and the proper storage of bud wood is critical. The process is easy because matching the rootstock to the size 
of the bud is not critical, and no waxing or sealers are needed. 
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The understock will compartmentalize the newly inserted bud, which will remain dormant. Before breaking 
dormancy the following spring, the understock is pruned back to slightly above the grafted bud. The bud will then sprout 
and grow, producing a three to four foot one-year whip by the end of the growing season.  
The main disadvantage of bud grafting is that the rootstock must be grown for at least one season before it can be used 
for budding, and therefore the scion’s first year growth will not occur until the following season.   
  
Tissue Culture 
 


Tissue culture, also known as micropropagation, is the rapid multiplication of plants in vitro.  Micropropagation 
is most commonly performed using semi-solid nutrient media inside sterile containers that are placed in a rigidly 
controlled environment.  Large-scale in vitro production requires extensive training, expensive equipment and 
considerable expertise.  


 
For most plants, micropropagation is achieved using a shoot culture system, where stems grown in vitro are cut 


into single-node pieces and sub-cultured onto fresh media for continued growth (Fig. 5-6).  This process results in an 
exponential increase in shoot numbers, allowing for a very large number of plants to be produced within a short period of 
time.  This multiplication via buds formed at nodes is a highly reliable means of clonal reproduction.  While adventitious 
shoots can be generated in vitro, particularly under high hormone levels, these shoots can result in mutant or off-type 
plants.  Much of the expertise required for micropropagation involves the ability to control the rapid multiplication of 
shoots from buds while preventing adventitious shoot formation, and is a critical attribute of reputable tissue culture 
laboratories.   
 
 A shoot culture system can be divided into the following stages:  1) Isolation: the decontamination and growth 
of buds on explants.  2) Stabilization: obtaining uniform and continuous shoots from buds generated in vitro. 3) 
Optimization: enhancement of multiplication quantity and quality by refining media and environmental components.  4) 
Rooting and Acclimation: development of roots and acclimation of plant to ex vitro conditions.   
 


Tissue culture is a valuable research tool and its use in commercial plant propagation continues to increase.  
Micropropagation allows for the rapid multiplication of pathogen-free clones, and has therefore become the preferred 
method of propagation for many economically-important plants, including houseplants, potatoes, lilies, orchids, 
blueberries, cherries, grapes and strawberries.   
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Figure 5-6.  Micropropagation via a shoot-culture system.  Stems grown in vitro are cut into single-node 
pieces and sub-cultured onto fresh media for continued growth.  Propagules are removed from culture, rooted 
and acclimated to ex vitro conditions.   
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Chapter Review 
 
A. Describe the differences between sexual and asexual plant propagation.  List advantages and disadvantages of 


each method and how each is used in the nursery trade. 
 


_________________________________________________________________________________________ 
 


_________________________________________________________________________________________ 
 


_________________________________________________________________________________________ 
 


_________________________________________________________________________________________ 
 
 
B. What four things does a viable, nondormant seed need to germinate?   
 


1. ____________________  2. ____________________  3. ____________________  4. _________________ 
 
C. What are the differences between stratification and scarification?  Give an example of when each method might 


be used. 
 


_________________________________________________________________________________________ 
 


_________________________________________________________________________________________ 
 


_________________________________________________________________________________________ 
 
 
D. List eight methods that you might use to control damping off in seed flats. 
 


1. ____________________  2. ____________________  3. ____________________  4. _________________ 
 


5. ____________________  6. ____________________  7. ____________________  8. _________________ 
 
 
E. Describe seven methods of asexual plant propagation.  Give examples of plants suitable for each method. 
 


1. _______________________________________________________________________________________ 
 


_________________________________________________________________________________________ 
 


2. _______________________________________________________________________________________ 
 


_________________________________________________________________________________________ 
 


3. ______________________________________________________________________________________ 
 


_________________________________________________________________________________________ 
 


4. _______________________________________________________________________________________ 
 


_________________________________________________________________________________________ 
 


5. _______________________________________________________________________________________ 
 


_________________________________________________________________________________________ 
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6. _______________________________________________________________________________________ 
 


_________________________________________________________________________________________ 
 


7. _______________________________________________________________________________________ 
 


_________________________________________________________________________________________ 
 
 
F. What three methods can be used to keep unrooted cuttings from drying out while rooting? 
 


1. _________________________  2. _________________________  3. _________________________ 
 
 
G. What time of year is bud grafting done?  Why?  _______________________________________________ 
 


_________________________________________________________________________________________ 
 
H. Describe how you would perform a bench graft.  What precautions would you take to ensure that the union 


would fuse properly and not dry out? 
 


_________________________________________________________________________________________ 
 


_________________________________________________________________________________________ 
 


_________________________________________________________________________________________ 
 


 
I. Give two reasons why propagation by tissue culture is becoming increasingly important in the nursery trade. 
 


1. _______________________________________________________________________________________ 
 


2. _______________________________________________________________________________________ 
 
 
J. What is the best means of preventing the production of mutant or off-type plants during micropropagation?  
 
 _________________________________________________________________________________________ 
 
 _________________________________________________________________________________________ 
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Revised by the Montana Nursery and Landscape Association 2002 
Helen Atthowe, Nick Engler, Alice Janke, Mary Keck 


 
 


A weed is any plant growing where it's not wanted.  For example, Kentucky bluegrass growing in a lawn is 
wanted.  Bluegrass growing in a shrub or flower planting is a weed. Weeds are plants that interfere with the management 
objectives for a given area. 
 
 Over the last decade, weed scientists have begun considering weed control from the standpoint of Integrated 
Pest Management.  This approach requires an understanding of all the factors (cultural, biological and environmental), 
which brings about seasonal changes in weed populations. 
 
 The goal of Integrated Weed Management is to encourage desirable plant growth while discouraging weed 
growth. Methods used include:  
 


1. Discouraging weed reproduction by seeds or roots. 
2. Disposing of weed residue in ways that eliminate any chance of unintentional dispersal. 
3.    Altering habitat to avoid weed spread. 
4. Filling in empty niches to discourage weed invasion of disturbed areas. 
 


Ecologists have contributed to this process by helping to determine when and how weeds are most vulnerable to specific 
management tactics, and by providing information on weeds responses to various control practices.  See Figure 9-1 for 
an example of an Integrated Weed Management Fact Sheet. 
 


Weed control is very important in successful gardening and landscape maintenance.  During hot, mid-summer 
weather, some weeds can grow much faster than most flowers, vegetables and shrubs and soon overtake and shade them.  
Although millions of weed seeds are already present in the soil, weeds should always be controlled before they go to 
seed.  If allowed to produce seeds, there will be even more weeds produced the next growing season.  Many weed seeds 
can survive for years in the soil.  Some seeds require light in order to germinate and grow.  Disturbing the soil can bring 
seeds to the surface, resulting in a new crop of weeds.  Methods of controlling weeds in the landscape vary with the type 
of weeds, time of year, and the landscape or garden situation. 
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Figure 9-1  Weed Management 
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Types of Weeds 
 


Weed identification, while important, can be tricky.  Experience, coupled with a good identification guide, 
makes the job easier.  An excellent weed identification guide is Weeds of the West, which is listed in the reference 
section.  This guide provides an identification key and detailed color photos of hundreds of weeds found in Idaho and 
Montana. 
 


Annual weeds, which sprout, grow and die in one growing season, represent the majority of weeds.  Annuals 
reproduce only by seed and don't have underground reproductive roots, rhizomes or bulbs.  Annuals are normally 
considered easy to control when small, but are very persistent because of their fast growth and abundant seed production.  
They should be destroyed when young to avoid their competition and seed production.  Common annual weeds include 
crabgrass, pigweed, smartweed, prostrate spurge and ragweed. 
 


Biennial weeds also reproduce primarily by seeds, but have underground storage roots, crowns, or other organs 
that allow them to survive one winter.  Biennials typically form a short leafy rosette of leaves the first season, store food 
in a root or crown, and then go dormant for the winter.  The next spring the stem elongates, produces flowers and seeds, 
and then the plant dies.  Biennials, like annuals, are most easily controlled as seedlings.  Burdock, bull thistle, wild 
carrot, wild parsnip, and mullein are common biennial weeds.  Dandelion is a tap-rooted weed that can be biennial or 
perennial.  


 
Perennial weeds are the most difficult to control.  They reproduce by seeds and usually also by vegetative parts, 


such as underground crowns, storage roots, rhizomes, stolons, tubers, or bulbs.  Cultivation is not very effective in 
controlling perennial weeds unless the entire weed, including underground storage organ, is removed, or unless new 
growth is removed frequently and repeatedly until all food reserves are used up.  Cultivation often increases the problem 
by spreading underground parts that sprout and spread the weed colony. Canada thistle, bindweed (morning glory) and 
quackgrass are some of the most prevalent perennial weeds. 
 
 Noxious weeds are those weeds that federal, state, or local governments have deemed injurious to public health, 
agriculture, recreation, wildlife or property. Because of significant negative impacts, land owners have a legal 
responsibility to control noxious weeds on their land. Authorities can implement quarantines or take other actions to 
control noxious weeds. Noxious weeds have been spreading rapidly over the past 100 years. Most are introduced from 
other countries and have invasive and aggressive characteristics. They displace native plants, reduce biodiversity, lower 
crop and forage production, and reduce wildlife habitat. Noxious weeds can also lower the value of land and cost 
millions every year in expenses and production losses.  Spotted knapweed and leafy spurge are two examples of noxious 
weeds.  
  


Weed Control Methods 
 


There are four basic methods used for weed control: 
 
Mechanical - Physical removal by hand pulling, hoeing or tilling. 
 
Exclusion - Maintaining dense stands of desirable plants (lawns, ground covers, shrubs) that successfully compete with 
and shade out weeds.  Natural and artificial mulches are also used to exclude weeds. 
 
Natural - Non-toxic products that kill weeds safely for home garden use. 
 
Chemical - Application of chemical herbicides (weed killers) that can prevent or stop weed growth through their toxic 
activity in the weeds or soil. 
 
Mechanical Control 
 


Physical removal or incorporation of weeds has the advantage of an immediate improvement in appearance.  
The main disadvantage is the amount of time and effort it can take if weeds are well established.  If a little time each day 
or week is set aside for weeding, it shouldn't become a chore.  Reduce your heat stress by doing your weeding in the 
early morning or late afternoon, especially in mid-summer.  Weed on the shaded west side of the house in the morning 
and save the east side of the house for afternoon shade. 
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Weeds are much easier to control while they are small seedlings rather than when their roots become fully 


established.  One chop with a hoe can remove a dozen or more seedling weeds, but it may require three or four chops to 
remove one well-established older weed. 
 


The best time to pull weeds is when the soil is loose and moist.  When it is hard and dry, postpone weed pulling 
until the day after irrigation or rain.  Grasp weeds as close to the ground as possible and use a weeding tool or knife to 
pry and loosen the soil in order to avoid breaking stems off.  New weed shoots can develop from crown and root sections 
that are left in the soil. 
 


Hoeing is not a digging process.  A hoe is a cutting tool and the blade should be sharpened periodically with a 
flat file.  The blade should be held parallel to the soil and weeds cut right at the soil line, disturbing the soil as little as 
possible.  That way weed seeds which are too deep to germinate won't be brought to the soil surface.  Some people prefer 
double-action hoes designed with sharp edges on both the back and front of the blade, because they can cut weeds with 
both forward and reverse motions.  Double-action hoes are not very effective on hard, dry soils. 
 


Most annual weeds dry up in a few days if left where they are hoed.  Certain prostrate succulent weeds, such as 
purslane and prostrate spurge, store water in their tissues and can survive several days until they can re-grow new roots 
from stems.  Remove these weeds after hoeing.  Perennial weeds will usually sprout from underground root segments 
and are best controlled by other means. 
 


Rototillers are designed primarily for soil preparation before planting.  They are excellent for preparing 
vegetable gardens, flowerbeds, and shrub borders for planting.  Rototilling, however, can actually make weed problems 
worse by spreading underground roots and rhizomes of perennial weeds and bringing weed seeds to the surface where 
they can germinate.  Excessive cultivation destroys soil structure and can damage the roots of desirable plants. 


 
Burning is occasionally used as a cleanup tool. Burning does not control most weeds and in fact many weeds 


sprout in response to a burn. Burning also releases soil nutrients. Frequent yearly burning destroys soil structure, reduces 
soil organic matter and limits fertility. 
 
 
Exclusion 
 
 Weeds can be designed out of landscapes, gardens, and fields by proper plant choice.  Choose trees, shrubs and 
ground covers that will shade the ground and fill above and below ground niches rapidly.  This leaves less space for 
potential weed invasion.  Bare soil is an invitation to weeds.  The longer the soil is bare the greater the chance of weed 
invasion. 
 


A vigorous turf, ground cover, or dense shrub planting minimizes weed growth by competing with weeds for 
water, nutrients, and light.  Supplementary chemical or mechanical weed controls are usually needed while new 
landscape plants are becoming established.  Proper irrigation, fertilization, and mowing increases the competitiveness of 
desirable plants. 
 


Mulches reduce weed problems by preventing light from reaching weed seeds or seedlings.  Natural organic 
materials, such as chipped bark, shredded cedar, grass clippings, and pine needles are often used as mulching materials.  
As mulches decay, they add organic matter to the soil, improving its physical structure and nutrient content.  
 


Organic mulches are very effective at keeping soils cool and holding in moisture.  On sites with naturally cold, 
wet soils, mulches can retard plant growth by preventing the soil from drying out and warming up in the spring. This can 
increase the potential for root diseases. Organic mulches can be used with or without weed fabrics. If no barrier is used 
the mulch should be deeper and top-dressed more often to remain effective. 
 


Gravel and rock are also frequently used as mulches.  While they don't improve the soil structure or provide 
nutrients, they last longer than organic mulches. Rock mulches are almost always used in conjunction with weed barrier 
fabric.  Debris and leaves should be vacuumed or blown off rock mulches yearly to maintain appearance and 
effectiveness. 
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Direct fertilizer and water applications, using drip irrigation rather than broadcast fertilizer and sprinkle 


irrigation to reduce the amount of weed growth in the mulch and on top of the barrier fabrics. Direct lawn clippings away 
from mulched or rocked beds when mowing. Clippings and leaves left on mulch increase weed growth and reduce the 
effectiveness of weed barriers. 
 


Organic and gravel mulches should be 2 to 3 inches deep to prevent weed growth.  Shallow depths are 
recommended around smaller plants such as flowers.  Greater depths can be used around trees and shrubs, but keep the 
mulch pulled back about 2 inches from trunks to ensure good air circulation and reduce the potential for crown diseases. 
 


Black and colored polyethylene plastics effectively prevent light from reaching weed seeds and are sometimes 
used to control weeds in vegetables gardens.  Plastic mulches, however, can cause problems in tree and shrub plantings 
by reducing air exchange and water infiltration.  As a result, tree and shrub root growth can become shallow and weak. 
Clear plastic encourages rather than controls weed seed germination and growth. 
 


Woven and non-woven polypropylene and polyester landscape fabrics or weed barrier fabrics have largely 
replaced plastic film for mulching trees and shrubs.  The fabrics allow more water and air movement into the soil.  They 
are usually covered with organic mulches or gravel to improve the appearance and increase the life of the fabrics, which 
are subject to decay when exposed to light.  Even with the heaviest weed barrier fabrics, however, some perennial weeds 
can penetrate from beneath.  When organic or rock mulches cover the fabrics, weed seeds can germinate on top of and 
penetrate many weed barrier fabrics. 
 


Edgings are used as barriers to prevent lawn grass rhizomes and stolons from growing into shrub and 
flowerbeds.  Redwood and cedar boards provide a natural appearance, but eventually rot. Vinyl, metal, and cement strips 
last longer if they are set at the right level. Edging can settle or frost heave up or be caught by lawn mowers and 
damaged.  Edging must extend deep enough to prevent grass rhizomes from growing underneath and high enough to 
prevent stolons from growing over the top. Generally 4 to 5 inches is sufficient. A small trench 10” wide by 6” deep 
filled with sand or gravel can also work as a natural looking edge. 
 
Natural control 
 
 Several least toxic weed management tools can be referred to as natural controls including mechanical type 
controls such as solarization with plastic. Natural or organic weed control products include herbicidal soaps, vinegar 
soaps, and corn gluten. The herbicidal soaps with or without vinegar work best on young succulent broadleaf weeds. 
These products only affect the leaves of plants (including grass) they come in contact with so they are safe for use 
around food crops, flowers and shrubs. Repeat applications are usually necessary on perennial weeds. Corn gluten 
products are being used as a pre-emergent weed control in the spring, but results have been inconclusive as to the 
effectiveness. 
 
 Flame weeders are effective on young broadleaf weeds and less effective on grasses. A flame is used to burst 
the cells of weeds in gardens, lawn, or sidewalks. Obviously care should be taken in dry conditions. Hot water can also 
kill weeds when they are small.  
  
              Biological control methods using insects and diseases to attack weeds are better suited to range and forestlands. 
Weed scientists are researching these methods for controlling weeds.  While the potential is great, there are presently no 
methods that are practical in residential landscapes. 
 


Insects that feed on specific weeds seem to hold the best promise.  To date, 88 weed-feeding insect species have 
been introduced into the United States to control 43 species of weeds.  Recent work with plant pathogens has also 
demonstrated their potential in weed control. 
 
Chemical Control 
 


Hundreds of herbicides have been developed to control unwanted plant growth, but only a few are registered for 
use in home gardens.  Some herbicides selectively kill weeds without damaging desirable plants.  Some are applied 
before planting to kill existing weeds, while still others are used to prevent weeds from sprouting and growing around 
established plants. 
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The effectiveness and selectivity of herbicides are affected by several environmental factors.  Air and soil 


temperatures, humidity, rainfall or irrigation, and wind all influence the effectiveness of herbicides.  Some herbicides 
aren't absorbed or translocated (moved from one part of the plant to another) below certain temperatures.  High 
temperatures cause some herbicides to volatilize, reducing the chemicals' effectiveness and increasing the potential for 
herbicide vapors drifting onto and damaging desirable plants.  Wind greatly increases the risk of herbicide drift onto 
desirable plants. Dusty plants may also reduce the absorption of the chemical. 
 


The type of soil can affect soil-applied herbicides by decreasing their effectiveness or increasing it to damaging 
levels on otherwise tolerant plants.  Some herbicides are absorbed and inactivated when applied over organic mulches.  
The age or growth cycle of a plant can change herbicide absorption and translocation within the plant.  The depth and 
degree of establishment of a plant's root system can affect its response to soil-applied herbicides. 
 


It's very important to read all directions and precautionary statements on herbicide labels before applying or 
recommending application.  Be sure to note weather and other factors that affect the use of a particular product.  Never 
use or recommend an herbicide for an application that is not included on the label.


 
 
Types of Herbicides 
 


Herbicides are classified into several different types based on their use and mode of action. 
 


Pre-emergence herbicides are often referred to as "weed preventers".  They kill germinating weed seeds or 
young weeds just after germination, but usually have little effect on established plants.  A pre-emergence weed killer is 
applied prior to the appearance of weeds or after established weeds are killed or removed.  Pre-emergence herbicides 
usually have little effect on established perennial weeds that emerge from underground roots or other storage organs, but 
reduce the establishment of new perennial weeds from seed. 
 


Most pre-emergence herbicides are applied to the soil surface and then either watered in or mixed into the top 
inch of soil with a rake or other tool.  Failure to water in or incorporate the herbicide often results in poor weed control.  
When the soil is disturbed by cultivation, the chemical barrier formed by a pre-emergence herbicide is disturbed and 
weed seeds can germinate and grow.  The effective control of different pre-emergence herbicide varies from a few weeks 
to several months.  Pre-emergence weed killers are most widely used to kill weeds around perennial woody plants with 
well-established root systems. 
 


"Garden weed preventers" are recommended for use around established vegetables and flowers.  These are 
applied after seeds have germinated and the first crop of weeds has been removed.  With some flowers and vegetables, 
weed preventers can be applied immediately after transplanting. Some species, however, can be stunted or otherwise 
damaged unless you allow their root systems to become established for at least two weeks. 
 


Pre-emergence "crabgrass preventers" are available for use on lawns.  These products are applied in late winter 
or early spring to prevent the germination of crabgrass and other warm weather summer weeds.  These products are often 
combined with fertilizers. 
 


Post-emergence herbicides kill established weeds but may or may not prevent new weeds from developing from 
seeds or underground organs.  These herbicides are divided into two types:  Contact and Translocated.  Contact 
herbicides kill only those plant parts with which they make contact.  Translocated herbicides are absorbed by roots, 
stems or leaves and are moved throughout the plant.  Contact weed killers are effective in controlling small weeds and 
annual weeds if good spray coverage is obtained.  Translocated herbicides usually also provide good control of perennial 
weeds because the chemical is moved to underground storage organs. 
 


Selective herbicides are designed to kill only certain plants, leaving others undamaged, but can damage 
desirable plants if applied incorrectly.  Common mistakes include applying more than the recommended rate, applying 
when temperatures are too high, applying to the wrong soil type, or applying before plant root systems have become 
established.   
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Non-selective herbicides are toxic to all plants.  They are used where it's desirable to kill all vegetation or where 


application can be directed away from desirable plants.  Non-selective herbicides are often used to kill weeds before 
planting or replanting.  When applying in an established landscape, special application methods (such as wipers) can be 
used or desirable plants can be covered to prevent the herbicide from contacting them.  Glyphosphate is an example of a 
non-selective herbicide. 
 


Soil Sterilants are herbicides that are applied to the soil to prevent any plants from growing in an area for a 
prolonged period of time (several months to several years).  Although sterilants are useful for driveways and along fence 
rows, you must take great care to avoid contacting the roots of desirable plants.  Large trees and shrubs have root 
systems that can extend far beyond their drip lines. Soil sterilants can move downhill through the soil and damage plants 
that are below the area treated. Soil sterilants should never be applied to areas where you plan to plant in the future.  
 


A particular herbicide may fit one or more of the categories listed above.  Broadleaf lawn weed killers, for 
example, are popular selective, post-emergence, translocated herbicides.  They kill broadleaf weeds growing in lawns but 
have little effect on most grasses.  Toxicity to grass is most likely to occur during hot, mid-summer weather.  Because 
they will also kill broadleaf ornamental plants, however, it's important to prevent spray drift onto adjoining trees, shrubs, 
flowers and vegetables.  Like most post-emergence herbicides, lawn weed killers are most effective when weeds are 
growing actively.  If rain or irrigation occurs within 24 hours after application, herbicides can be washed off before they 
are completely absorbed by the weeds.  2,4-D is an example of a selective broadleaf weed killer. 


Sprayer Precautions 
 


Because it's very difficult to remove all herbicide residues from sprayers, even with repeated rinsing, you should 
use one sprayer for herbicides and a separate sprayer for all other pesticides. 
 
 A commercial applicator is anyone applying a pesticide or herbicide at a private residence or other property. 
The applicator must be certified through the State Department of Agriculture and have insurance. Check with local 
agencies for current requirements. 
 
 


Making Weed Control Recommendations 
 
1. Accurately identify the weeds present. 
 
2. Identify all plantings in the treatment area. 
 
3. Select the method or herbicide that will do the most satisfactory job of killing the weeds without damaging 


desirable plants. 
 
4. Instruct the customer to follow all label directions and precautions. 
 
5. Follow safety procedures, such as wearing goggles and rubber gloves when handling pesticides. 
 
6. Spray only on calm days to avoid drift. 
 
7. Determine if the customer has the necessary application equipment and knows how to use it. 
 
7. The Environmental Protection Agency has numerous regulations regarding pesticide use and storage. Anyone in 


the business of selling or using pesticides must keep accurate records and have Material Safety Data Sheets for 
each pesticide used to be in compliance.  Learn the applicable regulations prior to using or recommending any 
pesticides. 


 
Herbicide availability and brand names change frequently.  Consult manufacturer literature and product labels for the 
latest information on registered uses and precautions.  Consult State University Extension Services for help with weed 
control problems and current recommendations. 
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Chapter Review 
 
A. Describe and give examples of each of the following: 
 


Annual Weed ____________________________________________________________________________ 
 


_________________________________________________________________________________________ 
 


Biennial Weed ____________________________________________________________________________ 
 


_________________________________________________________________________________________ 
 


Perennial Weed ___________________________________________________________________________ 
 


_________________________________________________________________________________________ 
 


NoxiousWeed_____________________________________________________________________________ 
 


 
B. Describe how the following weed control methods are used, explaining the advantages and disadvantages of 


each. 
 


Mechanical Control _________________________________________________________________________ 
 


_________________________________________________________________________________________ 
 


Exclusion ________________________________________________________________________________ 
 


_________________________________________________________________________________________ 
 


Natural Control ____________________________________________________________________________ 
 


_________________________________________________________________________________________ 
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Chemical Control __________________________________________________________________________ 
 


_________________________________________________________________________________________ 
 
C. What is an Herbicide?  ______________________________________________________________________ 
 
 
D. What are the two most important steps in using an herbicide (or any pesticide, for that matter)? 
 


1. ___________________________________ 2. ___________________________________ 
 
 
E. Describe the following types of herbicides: 
 


Pre-emergence Herbicide _________________________________________________________________ 
 


Post-emergence Herbicide ________________________________________________________________ 
 


Nonselective Herbicide __________________________________________________________________ 
 


Soil Sterilant ___________________________________________________________________________ 
 


Broadleaf Lawn Weed Killer ______________________________________________________________ 
 
 
F. Classify the following common weeds as being broadleaved or grass, and annual, biennial, or perennial. 
 
Canada thistle  _________________ crabgrass  _________________ quackgrass ________________ 
 
mullein  _______________________ burdock  ___________________ pigweed  __________________  
 
mustard  _______________________ dandelion  _________________ Prostrate spurge  ____________ 
 
 
G.  Name four ways that noxious weeds adversely affect the environment. 


 
1. _______________________________________________________________________________________ 
 
2. _______________________________________________________________________________________ 


 
3. _______________________________________________________________________________________ 


 
4. _______________________________________________________________________________________ 
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PRUNING TREES, SHRUBS, AND EVERGREENS 
 


Author:  William Hoch 
Illustrated by Rebekah VanWieren 


 
 


PRUNING TREES 
 


Goals of Tree Pruning 
 
The primary goals of tree pruning are to maximize tree lifespan and limit hazard potential.  These goals are achieved 
through: 1) limiting decay within the trunk by minimizing the number and size of pruning wounds, and 2) 
preemptively addressing branches with structural defects that would otherwise result in greater risk of failure and 
large trunk wounds.  Aesthetics are not an explicit goal, however a healthy tree with a well-structured architecture 
will be aesthetically pleasing.  Other reasons trees may be pruned include removal of dead, diseased or broken limbs 
(termed cleaning), and to provide clearance.   
 


Terminology 
 
Decay in Trees  
An important concept of tree biology is that trees cannot heal or replace infected/damaged wood.  Instead trees 
attempt to contain infections through a buildup of defense compounds that wall-off, or compartmentalize, infected 
areas.  Dr. Alex Shigo, widely regarded as the father of modern arboriculture, coined the term CODIT to describe 
this phenomenon, which stands for Compartmentalization of Decay in Trees.  The principles underlying modern 
pruning practices are based on our understanding of CODIT and how to best facilitate this process.   
 
Studies have found that decay is effectively compartmentalized when pruning wounds are no larger than two inches 
in diameter, and trees that are strong compartmentalizers may resist decay in cuts as large as four inches.  Trees 
found to be strong compartmentalizers include ash, elm, honeylocust, linden, oak and walnut.  
Compartmentalization is an active physiological process, and therefore functions only in living tissue.  This helps 
explain why decay is most effectively compartmentalized in small pruning wounds, because these branches have not 
yet formed a core of non-living wood known as heartwood.   
 
Branch Collar 
 A branch collar is the swollen area where the branch meets the trunk, which is composed of trunk tissue that wraps 
around the base of the branch (Figure 1A).  The branch collar forms a strong branch attachment that is reinforced 
each year as the trunk builds additional layers of wood around the branch base.  The prominence of branch collars is 
species-dependent, with trees such as elm and oak having less obvious collars than many other species.  In addition 
to creating a strong connection, the branch collar is associated with formation of a branch protection zone, which is a 
cone-shaped region of modified wood within a collar.  The branch protection zone resists movement of decay into 
the trunk via compartmentalization following branch death or a pruning cut.   
 
It is important to note that collars only form around branches that are subordinate to the trunk, which normally are 
branches less than one-half the trunk diameter.  This relationship is also referred to as the branch aspect ratio 
[branch diameter ÷ trunk diameter], which should be < 0.5.  Branches with a diameter greater than one-half the trunk 
diameter (branch aspect ratio > 0.5) typically do not form a branch collar.     
 
Branch Bark Ridge  
This is the ridge of raised bark in the branch crotch where trunk and branch tissues meet (Figure 1A).  
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Included Bark 
Included bark is the region where bark becomes included within the wood at the junction of two stems with a narrow 
angle of attachment (Figure 1B). This region continues to increase in size as the stems grow.  Junctions with 
included bark normally indicate a weak branch union because a branch collar often does not develop and stress at 
the union increases over time as the two stems grow larger and push each other apart.   
 
Codominant Leaders or Stems  
Codominant leaders are upright stems of approximately equal size emerging from the same location (Figure 1B).  
Codominant leaders often have included bark and do not form a branch collar, and are therefore an inherently 
weaker connection than a subordinate branch attached to a dominant leader.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.  (A) Removal of a branch using a 3-point cut. Numbers indicate the order of cuts.  
(B) Codominant leaders with included bark.  
 
 


Pruning Cuts 
 
Removal Cut (3-Point Cut)  
The removal of a branch at its origin should be made just outside the branch collar.  One of the most important 
principles of tree pruning is to always leave the branch collar intact.  Cutting flush with the trunk removes the collar, 
creating a wound that is slow to close and greatly limiting the tree’s ability to compartmentalize decay.  Although 
branch collars are not particularly evident on some species, if a branch is subordinate to the trunk (has an aspect 
ratio < 0.5) it will have a collar and should be pruned accordingly.  Branches too large to be easily managed with 
one hand while being cut should be removed using a 3-point cut (Figure 1A).   
 
First an undercut is made (1) inside the desired location of the second cut.  This creates a separation in the green 
pliable wood and bark on the underside of the branch that may otherwise remain attached to the falling limb, 
opening a large wound as it tears down the trunk. The branch is then "stub cut" (2) outside of the undercut, which 
removes most of the branch to facilitate a clean final cut. The final cut (3) is made just outside the branch collar.  


A B 
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Reduction Cut  
Reduction cuts reduce the length of a branch by cutting back to a lateral branch that is at least one-third the diameter 
of the cut branch (Figure 2). If the cut is made back to a lateral branch with a diameter smaller than one-third the cut 
branch (termed a heading cut) the chance of undesirable epicormic shoots (water-sprouts) forming behind the cut are 
greatly increased.  A reduction cut is sometimes referred to as a drop-crotch cut, and the term directional cut is often 
used in utility pruning to describe a reduction cut made to redirect the growth of a branch away from wires.   
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.  Reduction cuts reduce the length of a branch by cutting back to a lateral branch at least 1/3 the 
diameter of the cut branch.   
 
Heading Cut  
The term heading cut applies to several pruning procedures (Figure 3).  In tree pruning, a heading cut reduces the 
length of a branch by cutting back to a point irrespective of the location of a lateral branch.  Thus, a heading cut can 
be made to a stub or to a lateral branch that is smaller than one-third the diameter of the cut branch.  In many 
applications heading cuts are considered an unacceptable pruning practice.  The term heading cut is also used when 
a young shoot is cut back to a bud.    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.  Heading cut refers to reducing the length of a branch by cutting back to a stub or lateral branch 
smaller than 1/3rd the diameter of the cut branch (left), and to cutting back a shoot to a bud (right).   
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Cleaning  
Cleaning is the removal of dead, diseased and broken branches.  The removal of water-sprouts, and crossing, 
rubbing and inward-growing branches may also be included in this category.  Light cleaning can be performed at 
any time, with the exception of diseased branches, which should be removed when the plant is dormant (see When 
to Prune Diseased Trees below).  
 


 
Suppression Pruning 
 
Suppression pruning, sometimes referred to as subordination pruning, uses reduction cuts to slow (i.e. suppress) the 
growth of branches.  Reduction cuts remove a significant percentage of branch photosynthetic area, which slows 
growth by decreasing the flow of hormones and carbohydrates within the branch.    
 
Suppression pruning is a fundamental component of tree structural pruning where it is used to slow the growth of 
branches with structural defects, causing them to become subordinate to the trunk (hence the term subordination 
pruning).  Another application of suppression pruning is on branches that will someday be removed, such as lower 
branches on young trees, especially street trees.  It is important to periodically suppress these branches, keeping 
them small relative to the trunk, which promotes both the formation of branch collars and the growth of permanent 
branches higher in the crown.   
 
Procedure  
Suppression pruning is achieve through reduction cuts that remove one-quarter to three-quarters of a branch back to 
a lateral branch that is growing in the desired direction, typically towards the outside of the crown (Figure 4).  In 
general, the greater the amount of foliage removed, the greater the reduction in branch growth.  If a branch is cut 
back to a lateral that is smaller than one-third the diameter of the removed branch (heading cut), there will be an 
increased chance of vigorous epicormic shoots (water-sprouts) forming near the cut that will require later removal.   
 


 
Tree Structural Pruning 
 
Tree structural pruning (also known as formative pruning) is the most important strategy for promoting long life and 
minimizing hazard potential in trees.  The goal of tree structural pruning is to develop a dominant central leader as 
high into the crown as possible with well-attached, subordinate branches.  This is accomplished by suppressing 
branches with one or more of the following structural defects:   
 
1) Codominant leaders 
2) Branches with included bark 
3) Branches with a diameter greater than one-half the trunk diameter (aspect ratio > 0.5 [branch dia. ÷ trunk dia.]) 
Note that these defects are not mutually exclusive, for example codominant leaders often have included bark.   
 
Suppression pruning (Figure 4) helps mitigate these defects, as subordinating branches results in decreased aspect 
ratios and the formation of branch collars.  Studies have shown a direct relationship between the amount of branch 
removed and the level of reduction in branch aspect ratio over time following the cut.  Thus, the larger a branch is 
relative to the trunk, the more severe the branch reduction will need to be in order to sufficiently decrease the aspect 
ratio.   
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Figure 4.  Suppression (subordination) pruning to mitigate structural defects: (A) codominant leaders, 
and (B) branch with a diameter greater than half the trunk diameter.   
 
 
Therefore, suppression pruning may ultimately eliminate the need for removal of a defect-containing branch, but 
will nonetheless allow a collar (and therefore a branch protection zone) to develop before removal.  A branch can be 
removed if it has a diameter of less than two inches and a collar, but because most defect-containing branches do not 
have collars, the first option should normally be suppression of the branch.   
 
The importance of addressing defects when branches are small cannot be over-emphasized.  The suppression or 
removal of small branches is far easier and will greatly limit the potential for trunk decay relative to when branches 
become large and serious structural problems have developed.  Structural pruning of trees should begin the year 
after planting and be performed every one to three years thereafter.   
 
Some species naturally develop strong central leaders (termed excurrent form) while other species possess a 
decurrent habit, characterized by low branches that often take on dominance within the crown.  It is trees with 
decurrent habit, such as many species of Acer and Prunus, which require more attention to ensure the development 
of a strong leader.   
 
Structural Pruning of small ornamental trees:  Although trees with a mature height under 20 feet can be trained to a 
single leader, they are often trained to have multiple stems or even multiple trunks.  The primary concerns with these 
trees should be to address branches with included bark and to develop well-spaced branches, discouraging multiple 
branches that originate from a single point.   
 
Pruning Dose  
Because removing large amounts of foliage can reduce a tree’s energy reserves, a good general rule is to remove no 
more than 20% of the foliage at any one time (10% for large, mature trees).  It is better to remove modest amounts 
of foliage each year or two rather than wait until large amounts of pruning are required.   
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Other Tree Pruning Methods 
 
Pollarding  
Pollarding originated in Europe where it was used for centuries to produce fence poles and livestock feed.  It is now 
used mostly as an ornamental technique that can keep trees at a specified height indefinitely.  Pollarding requires 
several years to initiate and regular pruning for as long as the pollard form is desired.  Pollarding begins with a tree 
that has a basic structure established at the desired size (Figure 5).  The initial cuts are made on one or two year-old 
branches.  Depending on the species and the desired appearance, every one or two years the new growth is cut back 
to the point of the initial cuts in early spring.  Over time a bulge of tissue called a pollard head develops at the cut 
sites.  Pollarding is a proven horticultural practice because only small stems are cut and pollard heads resist decay.  
This is in contrast to topping trees, which is not an acceptable practice.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.  Pollarding cycle beginning with initial cuts.   
 
 
Topping Trees 
Topping reduces a tree’s size using heading cuts, where branches or stems are cut back to a stub at a predetermined 
crown height (Figure 6). Topping trees is NOT an acceptable practice and causes numerous problems, including: 
large wounds that promote decay, weakly-attached shoots that emerge bellow the cuts, destruction of the tree’s 
architecture resulting in an unnatural appearance, reduction of the tree’s energy storage capacity, and an increased 
susceptibility to boring insects and diseases.   
 
The appropriate way to reduce a tree’s size is with reduction cuts.  If a tree has become too large for a specific 
location, the best option is usually to replace the tree with a smaller-scale species/cultivar that is appropriate for the 
site.   
 
Figure 6.  Topping uses heading  
cuts to reduce tree height.   
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Pruning Evergreen Trees 
 
Evergreen trees typically develop strong central leaders with subordinate branches (excurrent form), and thus 
generally require only cleaning in the event of dead, diseased or broken branches.  However, the principles and 
methods of tree structural pruning should be applied if structural defects develop.  
 
 


When to Prune Trees   
 
While light pruning can be done at any time, significant pruning should only be performed at the appropriate times, 
and should never be done when trees are under serious stress from factors such as drought.   
 
There are two periods considered best for tree pruning:  
 
1) Early spring prior to bud-break.  At this time the branch structure is easily observed and wound closure responses 
are about to become active. Early spring (and late winter) is the best time to remove diseased branches (see When to 
Prune Diseased Trees).   
 
This may not be the preferred time to prune trees that leak sap from open pruning wounds (termed bleeding).  
Among the most common trees that bleed from pruning cuts are birch, maple, elm, poplar and willow.  This sap 
flow does not harm the tree, but can become unsightly if the trunk becomes stained or microorganisms grow on the 
sap.   
 
2) Early summer following completion of growth.  This is just as the newest leaves have fully-expanded and a 
terminal bud has set.  Wounds made at this time close over rapidly.  Pruning at this time will also limit sap leakage 
from trees prone to bleeding.  This is a particularly good time for reduction cuts such as those used in structural 
pruning, as the development of epicormic shoots near the cuts is reduced.   
 
Pruning should NOT be performed during the following times: 
 
- During the growth flush in spring/early summer.  Rapidly-growing tissues beneath the bark result in ragged cuts 
and can easily separate from the underlying wood.   
 
- Late summer/early fall.  Pruning at this time can stimulate growth that may not harden-off by winter.  Heavy 
pruning in late summer may also contribute to sunburn on shade-adapted stems resulting from sudden exposure to 
direct sunlight.   
 
- Late fall/winter.  The living cambium exposed by pruning cuts can be damaged by winter conditions.   
 
 
When to Prune Diseased Trees  
Trees infected with diseases such as fire blight, cankers or black knot are best pruned when dormant, preferably late 
winter to early spring.  The potential for disease transmission via pruning tools is greatly reduced because diseases 
are dormant at this time.  If pruning must be done during the growing season, make cuts only during dry weather and 
take care to disinfect pruning tools between cuts (see Disinfecting Pruning Tools).   
 
 
Pruning at Planting Time 
Because transplanting is a major stress to trees that can reduce decay resistance, it is generally recommended to 
hold-off performing significant pruning until the year following planting.  Normally the only pruning that should be 
done at planting is cleaning (removal of dead, diseased or broken branches).   
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Wound Dressing  
Once considered standard practice, studies have shown that the use of wound dressing does not prevent decay, and 
may in some instances be harmful.  One exception to this rule is to prevent the spread of oak wilt disease via insects 
attracted to fresh wounds.  In areas where oak wilt disease has been identified, oaks should only be pruned in late 
winter, however if an injury does occur for any reason during the growing season, the wound should immediately be 
covered with a water-based wound dressing or tree paint.   
 
 


Disinfecting Pruning Tools  
  
It is good practice to regularly clean pruning tools with a disinfectant.  This removes accumulated sap and dirt while 
eliminating potential pathogens.  However, when pruning during the growing season to remove diseased branches, 
particularly those infected with fireblight, black knot or canker diseases, pruning tools should be disinfected between 
cuts.   
 
Evidence regarding the best disinfectant to prevent the spread of plant diseases on pruning tools is equivocal.  It 
appears that thoroughly cleaning the tool surface while disinfecting is critical to the results.  This may explain why 
commercial brands of bleach and other disinfectants such as Lysol, which typically contain surfactants, often work 
better than using the active ingredients alone.  Therefore it is imperative to clean tools thoroughly with the 
disinfectant, using a scrub pad if necessary, and allowing the tools to remain wet for several minutes.   
 
Two of the most effective disinfectants are household bleach (10% solution) and hydrogen peroxide-based cleaners 
such as accelerated hydrogen peroxide (AHP) formulations.  Unfortunately these disinfectants are corrosive to metal 
and thus can damage surfaces of expensive pruning tools.  Two other common disinfectants that are not corrosive to 
metal are ethyl alcohol (ethanol) used at a 60-80% concentration, and quaternary ammonium compounds (referred to 
as quats).  Quats are a common disinfectant used in a range of bathroom cleaners and disinfectant wipes (labels list 
various formulations of alkyl dimethyl benzyl ammonium chloride or saccharinate).  As mentioned earlier, 
commercial formulations containing these ingredients along with surfactants and other adjuvants are convenient and 
effective when properly used.  Lysol Disinfectant Spray is the most commonly available of these products.   
 
 
 


PRUNING SHRUBS 
 


Timing of Deciduous Shrub Pruning  
  
The removal of a few broken or misshapen branches can be performed at any time.  Significant pruning is best done 
when shrubs are dormant, preferably late winter to early spring.  At this time branch structure is easily observed, and 
plants respond to pruning most readily following dormancy when energy reserves and hormones from the roots 
produce a vigorous burst of spring growth.  Pruning during dormancy is particularly important for methods that 
remove stems near ground level, since a vigorous growth response from below the cuts is important to fill in the 
base of the plant and develop the future branch structure.  One caveat to this rule is that dormant pruning will also 
remove flower buds of spring-blooming species such as lilac, which set flower buds during the previous growing 
season.  If the loss of flower buds is of concern, pruning can be delayed until just after flowering, however the 
resulting growth response will be less than if pruning took place during dormancy.   
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Shrub Pruning Methods 
 
Renewal Pruning   
Renewal pruning is appropriate for most shrub species that have become too large or open at the base (leggy), 
including dogwood, honeysuckle, lilac and mockorange.  This process involves removing a portion of the largest, 
oldest stems close to the ground (Figure 7), which stimulates new stems that fill in the base of the shrub.  The 
number of stems removed each year will depend on personal preference and the desired effect.  A common method 
is to remove one-third of the largest stems each year, resulting in a complete renewal after three years.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.  Renewal pruning shrubs removes a portion of the largest stems close to the ground.  
 
Rejuvenation Pruning  
The terms renewal pruning and rejuvenation pruning are often used interchangeably to describe the removal of 
stems near ground level, because when defined separately they differ only in dose: renewal pruning distributes large 
stem removal over multiple years while rejuvenation pruning removes all stems at one time.  Renewal pruning is 
generally the preferred method for most large shrubs, as rejuvenation produces a dramatic change in plant size that 
can take years to regain, which may be undesirable depending on location and personal preference.   
 
However, a type of rejuvenation pruning is the best method to manage low-growing shrubs that bloom on current-
season’s growth, such as potentilla and summer-blooming spirea.  This method should be performed every one to 
three years by cutting back the entire plant to about one-third to one-quarter height (6-8”) (Figure 8).  After this any 
large, old stems can be removed near ground level.  Annual rejuvenation pruning is also the preferred way to 
manage smooth hydrangea (H. arborescens) and hardy varieties of bigleaf hydrangea (H. macrophylla).  
Rejuvenation pruning can keep these plants compact and free-blooming indefinitely.   
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8.  Rejuvenation pruning of small summer-blooming shrubs such as hydrangea, potentilla and 
spirea reduces the plant to about one-third to one-quarter the original height.   
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Reduction Pruning  
Reduction pruning is used to reduce the size of shrubs when the more drastic renewal/rejuvenation pruning are not 
required, and for shrubs that do not respond well to having stems removed at the base, such as the burning bush 
(Euonymus alata).  Reduction pruning is performed by making reduction cuts on the most prominent branches back 
to lateral branches inside the shrub (Figure 9).  It is important to make these cuts deep within the body of the shrub 
and to vary the height of cuts, which will result in a more natural and full appearance.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9.  Reduction pruning of an overgrown shrub.  Reduction cuts are indicated by circles in the image 
on the left.   
 
Hedges  
The most important element of hedge pruning is to keep the hedgerow wider at the base than at the top (Figure 10).  
Hedges pruned to have strait sides invariably become narrow and open at the base due to shading of the lower 
branches.  Maintaining a wide base allows the lowest branches to receive enough light to support healthy growth.   
Hedge pruning is an exception to the general rule of pruning deciduous shrubs during dormancy.  This is because 
shearing during the growing season is required to maintain a formal appearance, and a reduction in growth response 
is often beneficial, as it decreases the amount of pruning required to maintain desired size and shape.  Informal 
hedges can be managed during dormancy using renewal or reduction pruning.   
 
 
Figure 10.  Pruning hedges wider at 
the base allows lower branches to  
receive adequate light.     
 
 
 
 
 
 
 
 


 
 
 
 







 


 
17-11 


Evergreen Shrubs 
 
Pines  
Pruning pines to maintain a shrubby habit (as with mugo pine) or to grow pines as a hedgerow requires a method 
unique to this genus.  Pines should only be pruned in late-spring/early summer when the new growth has reached the 
“candle” stage, which is when the growth has elongated but the needles have not yet extended (Figure 11).  At this 
time one-third or more of each candle can be removed.  This will reduce the length of new growth and stimulate bud 
formation where the candle was removed, producing a more compact and well-branched habit.  Candles can be cut 
with a shears or hand trimer, or broken-off by hand.  Timing is important, since cutting candles after the needles 
have elongated can result in brown needle tips.  This method is used in Christmas tree production, however pines 
grown as landscape trees should not be pruned in this manner, as it results in an unnatural two-tiered appearance 
after the tree reaches a height that can no longer be pruned.  It is important to note that pines will not develop new 
shoots behind cuts made on tissue any older than the candle, thus pruning on older tissue that has become woody 
will not produce a growth response. 
 
 
Figure 11.  Pruning pines is performed by 
removing a portion of the new growth 
when in the candle stage.    
 
 
 
 
 
 
 
 
Yews  
Yews (Taxus spp.) respond well to shearing if a formal appearance is desired.  For a more natural appearance, yews 
can be pruning using reduction cuts as described under shrub reduction pruning.   
 
Junipers  
Regular pruning on shrub and prostrate junipers is important to maintain the desired size.  Junipers should only be 
pruning using reduction cuts, where the most vigorous shoots are cut back to a lateral branch inside the body of the 
plant. This hides the pruning cut, and will reduce plant size while maintaining a natural appearance.  This type of 
pruning may be done prior to new growth in spring or in mid-summer when growth has finished.  
 
 


PRUNING TOOLS 
Hand Pruners   
Hand pruners should only be used to cut branches less than one-half inch in diameter.  There are two general types 
of hand pruners, bypass and anvil (Figure 12).  Bypass pruners cut by moving a curved blade past a curved anvil.  
Anvil pruners have a strait blade that cuts against a flat anvil.  Anvil pruners often result in more tissue damage than 
bypass types and are therefore not recommended for cutting living tissue.  Quality bypass hand pruners are relatively 
expensive, but make clean cuts and last several times longer than inexpensive models.    
 
Hand Saws  
Hand saws (Figure 12) are used to cut branches greater than one-half inch in diameter.  Hand saws are available in a 
variety of sizes and types, including fixed or folding handles and strait or curved blades. The finest hand saws cut 
only on the pull stroke, have multiple cutting angles on each tooth and are extremely sharp.  High-quality hand saws 
make the cleanest possible cuts and therefore should be the tool of choice for most pruning cuts.   
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Loppers  
Loppers are essentially long-handled hand pruners (Figure 12).  Like hand pruners, loppers are available in both 
bypass and anvil types.  Because of the long handles, loppers provide additional reach and greater leverage that can 
be used to cut wood up to one inch in diameter.  The increased leverage can result in greater damage to living 
tissues, therefore loppers are best used only where the additional reach is required and for cutting pruned limbs 
during clean-up.   
 
Pole Pruners  
Pole pruners are a bypass pruner and/or hand saw blade mounted on a pole to provide extended reach (Figure 12).  
While pole pruners allow greater reach, the distance between the cutting tool and the operator’s hands reduces 
control, making the execution of precise cuts difficult.   
 
Hedge Shears   
Hedge shears have long scissors-action blades that cut multiple shoots at the same time (Figure 12).  These tools are 
best for shearing formal hedges or sculpting topiary.   
 
Chain Saws  
Chain saws are powerful and potentially dangerous tools.  A safety course should be taken before operating a chain 
saw, and appropriate safety gear must be worn.  Only a certified arborist should use a chainsaw while in a tree.  
Chain saws make quick work of large logs, and are highly efficient for large amounts of cutting.  Chain saws do not 
cut as cleanly as hand saws.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 12.  Pruning tools (from top-left): bypass hand pruner; anvil hand pruner; hand saw; loppers; pole 
pruner; hedge shears.  
 
 
 
 
© 2018 William A. Hoch.  All Rights Reserved.   
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Chapter Review 
 
A. What are the two primary goals of tree pruning and how are these goals achieved?  __________________ 
 
 _____________________________________________________________________________________ 
 
  
 
B. What is the largest pruning wound that most trees can reliably compartmentalize?   
 


_____________________________________________________________________________________ 
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C. Define the following terms: 
 
 CODIT ______________________________________________________________________________ 
 
 
 Branch Collar _________________________________________________________________________ 
 
 
 Branch Aspect Ratio ____________________________________________________________________ 
 
 
 Branch Bark Ridge _____________________________________________________________________ 
 
 
 Included Bark _________________________________________________________________________ 
 
 
 Codominant Leaders ____________________________________________________________________ 
 


 
 
D. Describe the following types of tree pruning cuts: 
 
 Removal or 3-point cut __________________________________________________________________ 
 
 
 Reduction cut __________________________________________________________________________ 
 
 
 Heading cut ___________________________________________________________________________ 
 


 
 
E. Briefly describe suppression pruning and how it is performed.  __________________________________ 
 


_____________________________________________________________________________________ 
 
 _____________________________________________________________________________________ 
 
 
F. What is the goal of tree structural pruning?  __________________________________________________ 
 


_____________________________________________________________________________________ 
 
 
G. What are the three primary branch defects to be addressed in tree structural pruning?  ________________ 
 
 _____________________________________________________________________________________ 
 
 _____________________________________________________________________________________ 
 
 _____________________________________________________________________________________ 
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H. What is the maximum amount of foliage that should be removed at any one time when pruning trees? 
 
 _____________________________________________________________________________________ 
 
 
I.  Describe the primary difference between pollarding and topping trees, and list three potential problems 


caused by topping. 
  
 _____________________________________________________________________________________ 
 
 ______________________________________________________________________________________ 
 
 ______________________________________________________________________________________ 
 
 
J.  When are the two best times to prune trees? __________________________________________________ 
 
 ______________________________________________________________________________________ 
 
 
K.  When is the best time to remove a branch infected with fireblight, and why? _________________________ 
 
 ______________________________________________________________________________________ 
 
 
L.  What type of pruning should be done when a tree is planted? _____________________________________ 
 
 ______________________________________________________________________________________ 
 
 
M.  Describe the proper procedure for disinfecting pruning tools. _____________________________________ 
 
 ______________________________________________________________________________________ 
 
 
N.  Why is the use of wound dressing on pruning wounds not recommended? ______________________ 
 
 ______________________________________________________________________________________ 
 
 
O.  When is the best time to prune most deciduous shrubs? _________________________________________ 
 
 ______________________________________________________________________________________ 
 
 
P.  Name and briefly describe the best pruning method for each of the following plants: 
 
 Lilac _________________________________________________________________________________ 
 
 Potentilla and summer-blooming spirea ______________________________________________________ 
 
 ______________________________________________________________________________________ 
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 Burning bush ___________________________________________________________________________ 
 
 ______________________________________________________________________________________ 
 
 Hedges _______________________________________________________________________________ 
 
 ______________________________________________________________________________________ 
 
 Mugo pine _____________________________________________________________________________ 
 
 ______________________________________________________________________________________ 
 
 Junipers _______________________________________________________________________________ 
 
 ______________________________________________________________________________________ 
 
 
 
Q. What pruning tool makes the cleanest cuts and therefore should be the tool of choice for most pruning cuts? 
 
 ______________________________________________________________________________________ 
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PLANT NAMES & LISTS 
  


Adapted from the Idaho Nursery Association 
 Manual for Certified Nursery and Landscape Professionals 


Revised by the Montana Nursery and Landscape Association 2002 
Nick Engler, Billie Gray, Mary Keck 


 
 


Plants, like people, have names that identify individuals.  And, like people, plants also have two sets of names – a 
scientific, botanic or Latin name and a common name.  People have a full or proper name and a nickname.  There are many 
people with the common names Bob and Betty but there are far fewer people with the full names of Betty Anderson, Bob 
Fisher, Bette Davis and Bob Williams.  Each of the second names makes knowing which specific Bob or Betty is being 
spoken of easier because it distinguishes that individual from other individuals with the same nickname.  So it is with plants. 
 


Common names for plants can be confusing.  One plant may have more than one common name, or the same 
common name may refer to different plants, particularly in various parts of its area of cultivation. For example, while the 
common name Bachelor Button can refer to species of either Dianthus or Centaurea, labeling a plant as Centaurea montana 
specifies only one particular species of plant, which is then useful for designating precisely which plant is under 
consideration for planting in the landscape, or which has become a pest and is designated for removal.   
 


And because common names are always in the language of the speaker additional confusion is created as gardeners 
and horticulturists cross international borders.  The English name rose is the Spanish and Italian equivalent of rosa or 
German roslein.  Dirr cites the case of the European white waterlily that has over 240 different common names around the 
world.  The derivations of many English common names for plants are an interesting sideline of gardening by itself. 
 


To avoid such confusion all plants are botanically, or scientifically, identified by a single name.  The scientific 
system of nomenclature is designed so that everyone will refer to the same plant by the same name and everyone will know 
which plant is being spoken of.  An understanding of the system by which plants are named makes using and remembering 
the names easier for the people who work with the plants.   
 


Scientific names are always given in Latin, or latinized words, and are a one-to-one designated term for a particular 
species of plant.  The name always consists of two parts – the genus and the species epithet or name.   The first part of the 
name is the genus and designates the group to which the plant belongs.  Genus refers to a group of closely related organisms 
having roughly similar characteristics.  The species name indicates a particular plant within the larger group that has one 
particular set of characteristics setting it apart from all others within the genus.  Sometimes the distinguishing characteristic 
may be fairly obvious such as needle length and number in the genus Pinus.  Other times the characteristic is apparent only 
after a close, sometimes microscopic, examination of only a part of the plant such as the number or shape of the pollinia 
within the flower. 
 


Take for example, the Latin name for the genus of plants known as roses, which is Rosa.   This may be followed by 
any of the many species names for the many different kinds of roses such as Rosa blanda, Rosa bracteata, Rosa gallica and 
so on.  In each case the species name combines the genus Rosa and a specific epithet, the two combining to make the species 
name.   
 


The most common scientific names of plants tend to be based on the Latin names of ancient Rome for a particular 
plant, although in some cases plants names have classical roots from Greek.  Early in the eighteenth century Linnaeus 
incorporated these names into his binomial system of naming living organisms and the classical common names became the 
names of the genera (plural of genus) associated with those ancient names.  Thus, quercus was the common name for oak in 
the Latin of ancient Rome, prunus the Latin common name for plum trees, taxus the name for yew trees, and so on.  Fraxinus 
however, was not only the Latin common name for ash trees but was also the word for spears or javelins, the best of which 
were made from wood of ash trees.  Such distinctions make our own “system” of common names obvious as to its derivation.  
Other names for species had a more general meaning in Latin or Greek.  Festuca in Latin referred to a straw or stalk, not a 
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particular kind of grass.  However, this term was incorporated into the system as a name for a particular genus of straw-like 
grasses. 
 


The designation of scientific names is governed by the International Code of Botanical Nomenclature, which has 
precise rules for naming plants.  Under these rules the preferred species name refers to a particular characteristic of the plant, 
such as leaf or blossom shape or color, growth habit, or geographical location where the plant was first discovered or where it 
characteristically grows.  It may also refer to or honor the person who first discovered or described the plant, or brought it 
into cultivation.  For example, Acer platenoides is the scientific name for the Norway Maple.  The genus name is derived 
from the Latin name for maple trees and is the genus name given to all members of the genus Acer.  Platanoides refers to and 
is descriptive of the shape of the leaf.  In the same manner Acer saccharum, the Sugar Maple, has a scientific name that refers 
to the sweet nature of its sap, and Acer davidii, a Chinese maple, is named after the man who discovered it. 
 


Additionally, most cultivated plants also carry a varietal name and some also carry the name of a cultivar.  Such 
names are written after the species name and may be written with the abbreviation “var.” for variety, while cultivars are 
designated with the abbreviation “cv”, or the ‘cultivar name’ will be enclosed apostrophes. The distinction between varieties 
and cultivars is somewhat a matter of degree.  A variety will reproduce sexually true to form most of the time whereas 
cultivars will not.  Cultivars must be reproduced asexually by cloning, either through budding, cuttings or micropropogation 
techniques.  For example, Acer platanoides var. Crimson King. 
 
Pronunciation 


 
Most problems with scientific names and the reluctance of many people to use them is because of uncertainty about 


pronunciation.  Strictly speaking Latin may be considered a foreign language although it is no longer spoken.  However, it 
should not be too daunting a task, certainly no harder than learning to prune trees and shrubs, to learn the few simple rules to 
make pronouncing scientific names correctly fairly easy.  Latin, unlike English, is very regular in its pronunciation, and 
anyone who has learned Spanish, Italian or Portugese will already know many of the rules of pronunciation. 
 


Unlike English, which has ten vowel sounds although the ten are spelled with only five letters, there are only five 
vowel sounds in Latin,.  Regardless of where they occur in a word they are always pronounced with the same sound.  The 
vowels are: 


a --  always pronounced as in father,  
e --  like the “a” in “pay” or “late”,  
i  -- like “ee” in weed or need”,  
o -- as in “hoe”, and row 
u -- pronounced as in “who”. 


 
The diphthongs, or vowel combinations, “ei” and “ae” are the most likely to cause problems in pronunciation for English 
speakers.   


ei – is always pronounced like the “ey” in “grey”  
ae – is always pronounced like the “y” in “by.”  
 


Latin consonants for the most part are pronounced like their English counterparts.  “d” is pronounced like the “d” in dog, “m” 
is pronounced as in mother, and so on.  There are only five exceptions, which are: 
 


j -- always pronounced as the “y” in “yes” 
s -- always pronounced like “s” in “sing,” and never as a “z” as in zebra 
z -- pronounced as the “dz” in “adze” 
c -- before “e”, “i,”  “ai”, or “oe” “c” is pronounced like the “ch” in “cherry,” or as “s” in sand 
g -- before “e”, “i,”  “ai”, or “oe” is usually pronounced as the “ j” in “judge”   
The pronunciation of these last two sounds is varies depending on whether a classical or ecclesiastical pronunciation 
is used.  Pronunciation should be consistent. 
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In common usage “correct” pronunciation of even the scientific names of plants is rarely an absolute.  It is most 
important to know what plant is being referred to, and that people understand what plant they are speaking of.   
 


For example, Acer is most commonly pronounced “ay-sir,” rather than the more correct Latin pronunciation of  “ah-
sair” which is likely to create a degree of confusion.  However, in either case all members present are likely to be clear that 
trees of the genus maple are being referred to.  Similarly pronouncing the genus of Pine trees, as “pee-noose” is correct Latin 
pronunciation, using the more common pronunciation of “pie-nus” is not likely to leave anyone out of the conversation 
 
 
A Brief Example of Common Scientific Names and Their Meanings 
 
alata/alatus/alatum: winged, having wings; e.g. Euonymus alata 
alpinum: alpine, growing in alpine areas; e.g. Ribes alpinum 
ambigua: ambiguous,  
americana: American 
angustifolia: narrow-leafed 
arborescens: tree-like, 
argentea: silver, silverish; e.g. Shepherdia argentea 
barbatus/barbatum: bearded; e.g. Penstemon barbatus 
biloba: referring to two lobes on the leaf; e.g. Ginko biloba  
caeruleum: blue 
californica/californicum: Californian 
canadensis: Canadian 
caucasica: Caucasian 
chinensis: Chinese 
columnifera: column-like; 
 


_____________________________________________________________________________________________ 
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PLANT LISTS FOR IDENTIFICATION TEST 
 


Certification Committee 
 


 
The Certified Plant Professional examination will have a section in which you will IDENTIFY A SELECTION OF 


50 PLANTS from the lists in this chapter. Samples will include potted plants, cuttings, and pressed specimens. . Of the 50 
plants on the identification test, approximately 15 will be evergreens (trees and shrubs), 15 will be deciduous trees, 15 will be 
deciduous shrubs, and 5 will be perennials. The actual numbers will vary depending on the samples available. The plants 
should reflect the diversity within the Montana climate and not necessarily be representative of the climate where the test is 
being offered.  Your knowledge of these plants should include the common name, the genus and species name, and cultivar 
name if distinguishable. The written exam does contain some questions related to plant characteristics such as growth habit, 
fruit or flower color, and typical identification features.  The plants are divided into categories, according to the types of 
plants. The plants are listed alphabetically, by botanical name.   


 
 


Perennials 
 
Genus Species Cultivar Common Name 
_____________________________________________________________________________________________ 
Achillea millefolium ‘Moonshine’ Yarrow 
Aconitum napellus  Monkshood 
Adiantum pedatum  Maidenhair Fern 
Aegopodium podagraria  Bishop's Weed 
Ajuga reptans  Carpet Bugle 
Alcea rosea  Hollyhock 
Alchemilla mollis  Lady's Mantle 
Allium varieties  Ornamental Onion 
Anemone japonica  Japanese Amenome 
Antennaria rosea  Pussytoes 
Aquilegia hybrids  Columbine 
Arabis  caucasica  Rockcress 
Armeria maritime  Thrift 
Artemisia schmidtiana ‘Nana’ Silvermound Artemesia 
Artemisia  stellerana  Silver Brocade  
Asclepias tuberosa  Butterfly Flower 
Aster varieties  Aster 
Astilbe hybrids  Astilbe, False Spirea 
Arctostaphylos  uva-ursi   Kinnickinnick/Bearberry 
Athyrium  niponicum pictum     Japanese Painted Fern 
Aubrieta deltoides  Aubretia 
Aurinia saxatilis ‘Compacta’ Basket of Gold 
Baptisia australis  False Indigo 
Bellis perenne  English Daisy 
Bergenia cordifolia  Heartleaf Bergenia 
Boltonia asteroides  White Boltonia 
Brunnera macrophylla  Brunnera   
Campanula carpatica ‘Blue Clips’ Blue Clips Bellflower 
Campanula percisifolia  Peachleaf Bellflower 
Calamagrostis  x  acutiflora  ‘Stricta’    Feather Reed Grass 
Centaurea montana  Mountain Bluet 
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Cerastium tomentosum  Snow-in-Summer 
Chelone oblique  Turtlehead 
Chrysanthemum hybrids  Mums 
Cimicifuga simplex  Bugbane 
Convallaria majalis  Lily-of-the-Valley 
Coreopsis grandiflora  Tickseed 
Coreopsis verticillata ‘Moonbeam’ Moonbeam Coreopsis   
Cornus canadensis  Bunchberry 
Crocus hybrids  Crocus 
Delphinium hybrids  Delphinium 
Deschampsia cespitosa  Tufted Hair Grass 
Dianthus barbatus  Sweet William 
Dianthus deltoides  Maiden Pink 
Dicentra eximia  Fernleaf Bleeding Heart 
Dicentra spectabilis  Common Bleeding Heart 
Dictamnus alba  Gasplant 
Digitalis purpurea  Common Foxglove 
Doronicum cordatum  Leopard's Bane 
Echinacea purpurea  Purple Coneflower 
Echinops ritro  Globe Thistle 
Eupatorium maculatum ‘Atropurpurea’ Joe Pye Weed 
Euphorbia polychroma  Cushion Spurge 
Festuca  ovina glauca  Blue Fescue 
Filipendula species  Meadowsweet 
Fragaria hybrids  Strawberry 
Gaillardia grandiflora ‘Goblin’ Goblin Gaillardia, Blanket Flower 
Galium odoratum  Sweet Woodruff 
Geranium sanguineum  Bloody Cranesbill 
Gypsophila paniculata  Baby's Breath 
Gypsophila repens  Creeping Baby's Breath 
Helianthus  x multiflorus  Perennial Sunflower 
Helianthemum hybrids  Rock Rose 
Helictotricon sempervirons  Blue Oat Grass 
Hemerocallis species  Daylily 
Heuchera micrantha ‘Purple Palace’ Purple Palace Coral Bells 
Hosta species  Hosta 
Hyacinthus orientalis  Hyacinth 
Iberis sempervirens  Candytuft 
Iris germanica  German Bearded Iris 
Iris pumila  Dwarf Bearded Iris 
Iris sibirica  Siberian Iris 
Lamium maculatum  Lamium 
Lathryus latifolius  Perennial Sweet Pea 
Leucanthemum  hybrids  Shasta Daisy 
Liatris spicata  Blazing Star 
Lillium species  Hybrid Lillies 
Linum perenne  Blue Flax 
Lupinus hybrids  Lupine 
Lychnis chalcedonica  Maltese Cross 
Lysimachia nummularia  Moneywort, Creeping Jenny 
Matteuccia  pensylvanica      Ostrich Fern 
Miscanthus  cinensis “Gracillimus’ Maiden Grass 
Monarda hybrids  Bee Balm 
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Muscari armeniacum  Grape Hyacinth 
Myosotis sylvatica  Forget-me-not 
Narcissus species  Daffodil 
Nepeta hybrids  Catmint 
Oenothera species  Evening Primrose 
Paeonia lactiflora  Peony 
Papaver nudicaule  Iceland Poppy 
Papaver orientale  Oriental Poppy 
Paxistima  canby                    Paxistima, Rat-stripper 
Penstemon barbatus  Beardtongue 
Perovskia atriplicifolia  Russian Sage 
Phlox paniculata  Summer Phlox 
Phlox subulata  Creeping Phlox 
Platycodon grandiflorus  Balloon Flower 
Polemonium caeruleum  Jacob's Ladder 
Potentilla verna  Creeping Potentilla 
Primula vulgaris  Primrose 
Pulmonaria hybrids  Lungwort 
Pulsatilla  vulgaris  Pasque Flower 
Rudbeckia hirta or fulgida  Black-eyed Susan 
Salvia nemorosa  Blue Sage 
Saponaria ocymoides  Soapwort 
Saxifraga rosacea  Saxifrage 
Scabiosa caucasica  Pincushion Flower 
Sedum spectabile ‘Autumn Joy’ Autumn Joy Sedum (Stonecrop) 
Sedum spurium ‘Blaze of Fulda’ Dragon’s Blood Sedum 
Sempervivum tectorum  Hens and Chicks 
Stachys byzantina  Lamb's Ears 
Tanacetum coccineum  Painted Daisy 
Thymus species  Thyme 
Trollius europaeus  Globeflower 
Tulipa species and hybrids  Tulip 
Veronica spicata  Speedwell 
Vinca minor  Dwarf Periwinkle 
Viola odorata  Sweet Violet 
Yucca   filamentosa                  Adam's Needle Yucca 
Yucca  glauca   Great Plains Yucca 
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                                     Deciduous Shrubs and Vines 
 
Genus   Species   Cultivar   Common Name 
_____________________________________________________________________________________________ 
Amelanchier  alnifolia   ‘Regent’   Regent Saskatoon Serviceberry 
Aronia   melanocarpa  var. elata    Glossy Black Chokeberry 
Artemisia       frigida       Fringed Sagebrush  
Artemisia   tridentata       Big Sagebrush 
Aristolochia  durior       Dutchman’s Pipe Vine 
Berberis   thunbergii     Japanese Barberry 
Berberis   koreana      Korean Barberry 
Betula   glandulosa     Bog Birch 
Buddleia   davidii      Butterfly Bush 
Buxus    microphylla      Littleleaf Boxwood 
Caragana  arborescens     Siberian Caragana (Peashrub) 
Caragana  frutex   ‘Globosa’  Globe Caragana (Peashrub) 
Caragana  pygmaea      Pygmy Caragana (Peashrub) 
Caryopteris   x  clandonensis     Blue Mist Spirea 
Ceanothus  velutinus       Snowbrush Ceanothus  
Cercocarpus   ledifolius      Curl-leaf Mountain-mahogany  
Cercocarpus  montanus      True Mountain-mahongany 
Chaenomeles  speciosa   ‘Texas Scarlet’   Flowering Quince  
Chrysothamnus   nauseosus       Rubber Rabbitbrush 
Clematis   hybrids       Clematis  
Cornus    alba   ‘Argenteo-marginata’ Variegated Dogwood 
Cornus   sericea   var. coloradensis    Red Osier Dogwood 
Cornus   sericea   ‘Flaviramea’  Yellow Twig Dogwood 
Corylus   avellana   ‘Contorta’  Filbert, Harry Lauder’s Walkingstick 
Cotinus    coggygria   ‘Royal Purple’  Royal Purple Smokebush 
Cotoneaster  acutifolia  or lucidus    Peking (Hedge) Cotoneaster 
Cotoneaster  divaricatus     Spreading Cotoneaster 
Cotoneaster  horizontalis     Rock Cotoneaster 
Cytissus   nigricans      Spike Broom 
Daphne   x  burkwoodii  ‘Carol Mackie’  Carol Mackie Daphne 
Diervilla   lonicera      Dwarf Bush Honeysuckle 
Euonymus  alatas      Winged Burning Bush 
Euonymus  bungeanus     Winterberry Euonymus 
Euonymus  fortunei      Veriegated Euonymus 
Exochorda  serratifolia     Pearlbush 
Forsythia   x  intermedia     Forsythia 
Hamamelis  virginiana     Witch Hazel 
Hippophae  rhamnoides     Sea Buckthorn 
Holodiscus   discolor      Oceanspray 
Humulus   lupulus      Common Hop 
Hydrangea  anomala petiolaris    Climbing Hydrangea 
Hydrangea  arborescens     Smooth Hydrangea 
Hydrangea  macrophylla     Bigleaf Hydrangea 
Hydrangea  paniculata     PeeGee Hydrangea 
Ilex   aquifolium     English holly 
Kolkwitzia  amabilis      Beauty Bush 
Ligustrum  vulgare      Privet 
Ligustrum  x  vicaryi      Golden Privet 
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Lonicera   tatarica   ‘Arnold’s Red’  Tartarian Honeysuckle 
Lonicera   x  brownii   ‘Dropmore Scarlet’ Dropmore Honeysuckle 
Lonicera   x  heckrotti      Goldflame Honeysuckle 
Lonicera     xylosteum  ‘Claveyi’  Dwarf Honeysuckle 
Magnolia  stellata      Star Magnolia 
Mahonia   auqifolium     Oregon Grape 
Mahonia      repens      Creeping Mahonia   
Parthenocissus  inserta      Woodbine  
Parthenocissus  quinquefolia  var. engelmannii   Engelman Ivy 
Philadelphus  lewisii, and hybrids    Mockorange 
Physocarpus  malvaceus     Ninebark 
Physocarpus  opulifolius  ‘Dart’s Gold’  Eastern Ninebark 
Potentilla  fruticosa   ‘Katherine Dykes’ Potentilla, Shrubby Cinquefoil 
      ‘Goldfinger’ 
      ‘Abbotswood’ 
       many others 
Prunus   americana     American Plum 
Prunus x  cistena      Purpleleaf Plum 
Prunus    tenella      Dwarf Russian Almond 
Prunus   tomentosa     Nanking Cherry 
Prunus    trilobata      Rose Tree of China 
Prunus   virginiana     Chokecherry 
Purshia    tridentata      Antelope Bitterbrush 
Pyracantha  coccinea      pyracantha 
Rhamnus  cathartica     Buckthorn 
Rhododendron  species      Azalea and Rhododedron 
Rhus   aromatica     Fragrant Sumac 
Rhus   glabra      Smooth Sumac 
Rhus   trilobata      Skunkbush Sumac 
Rhus   typhina      Staghorn Sumac 
Ribes   alpinum      Alpine Currant 
Rubus   odoratus (idaeus)     Flowering Raspberry 
Ribes   aureum      Yellow Flowering Currant 
Ribes      cereum       Wax Currant 
Ribes   grossularia     Gooseberry 
Ribes   sativum   ‘Red Lake’  Red Currant 
Rosa   foetida      Austrian Copper Rose 
Rosa   rubrifolia (glauca)    Redleaf Rose 
Rosa   rugosa   ‘Hansa’ and others Rugosa Rose 
Rosa   woodsii      Woods Rose 
Salix   alba   ‘Vittelina’  Golden Willow 
Salix   discolor      Pussy Willow 
Salix   purpurea   ‘Nana’   Dwarf Blue Artic Willow 
Sambucus  canadensis     American Elderberry 
Sambucus  canadensis  ‘Aurea’   Golden Elder 
Shepherdia  argentea      Silver Buffaloberry 
Shepherdia  canadensis     Russet Buffaloberry 
Sorbaria   sorbifolia      Ash Leaf Spirea 
Spirea   albiflora      Japanese White Spirea 
Spiraea x   bumalda   ‘Goldflame’ and others Bumald Spirea 
Spiraea x  cineria    ‘Grefsheim’   Grefsheim Spirea 
Spiraea   fritschiana     Fritch Spirea 
Spiraea   japonica   cultivars   Japanese Spirea 
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Spiraea   nipponica  cultivars   Nippon Spirea 
Spiraea   prunifolia     Bridalwreath Spirea 
Spiraea   trilobata   ‘Fairy Queen’  Fairy Queen Spirea    
Symphoricarpos  albus      Snowberry 
Symphoricarpos  orbiculatus     Coralberry 
Syringa   meyeri   ‘Palabin’  Dwarf Korean Lilac 
Syringa   patula   ‘Miss Kim’  Miss Kim Lilac 
Syringa   villosa   cultivars   Late Lilac 
Syringa   vulgaris   cultivars   Common Lilac 
Syringa   x   prestoniae  cultivars   Preston Lilac 
Tamarix   pentandra     Tamarix 
Vaccinium     globulare      Globe Huckleberry 
Viburnum  burkwoodii     Burkwood Viburnum  
Viburnum                           dentatum      Arrowwood Viburnum 
Viburnum  lantana   ‘Mohican’  Wayfaringbush 
Viburnum  lentago      Nannyberry 
Viburnum  opulus   ‘Roseum’  Snowball 
Viburnum  opulus   ‘Compactum’  Compact European Cranberrybush 
Viburnum  trilobatum   ‘Bailey Compact’  Dwarf Highbush Cranberry 
Vitis   riparia      Riverbank Grape 
Weigela   florida     cultivars  Weigela  
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 Deciduous Trees 
        
Genus   Species   Cultivar   Common Name 
_____________________________________________________________________________________________ 
 
Acer   circinatum     Vine Maple 
Acer   x    freemanii   ‘Jeffersred’   Autumn Blaze Maple 
Acer   ginnala      Amur Maple 
Acer   glabrum      Rocky Mountain Maple  
Acer   griseum      Paperbark Maple 
Acer   negundo      Box Elder Maple 
Acer   palmatum     Japanese Maple 
Acer   platanoides  cultivars   Norway Maple 
Acer   rubrum      Red Maple 
Acer   saccharinum     Silver Maple 
Acer   saccharum     Sugar Maple 
Acer    tataricum      Tatarian Maple 
Aesculus  glabra      Ohio Buckeye 
Aesculus  hippocastanum     Horse-chestnut 
Alnus    glutinosa      Black Alder 
Alnus   tenuifolia, incana     Thinleaf Alder 
Betula   nigra      River Birch 
Betula   papyrifera     Paper Birch 
Betula   pendula   ‘Dalecarlica’  Cut Leaf Weeping Birch 
Betula   platyphylla japonica ‘Whitespire’  Japanese White Birch 
Carpinus   betulus      European Hornbeam 
Catalpa   speciosa      Northern Catalpa 
Celtis   occidentalis     Hackberry 
Cornus   mas      Cornelian Cherry 
Crataegus  douglasii      Black Hawthorn 
Crataegus  mordensis  ‘Toba’   Toba Hawthorn 
Elaeagnus  angustifolia     Russian Olive 
Fagus   sylvatica      European Beech 
Fraxinus   americana     White Ash 
Fraxinus   mandshurica  ‘Mancana’  Mancana Ash 
Fraxinus   nigra      Black Ash 
Fraxinus   pennsylvanica     Green Ash 
Ginkgo   biloba      Ginko, Maidenhair Tree 
Gleditsia   triacanthos inermis cultivars   Honeylocust 
Gymnocladus  dioicus      Kentucky CoffeeTree 
Juglans   nigra      Black Walnut 
Laburnum  waterii   Vossii   Goldenchain Tree 
Larix   decidua      European Larch 
Larix    occidentalis     Western Larch 
Larix   siberica      Siberian Larch 
Malus   species   cultivars   Flowering Crabapple 
Morus   alba      White Mulberry 
Platanus  x   acerifolia      London Plane Tree 
Populus   alba      Silver Poplar 
Populus  x  acuminata     Lance Leaf Poplar 
Populus   nigra   ‘Italica’   Lombardy Poplar 
Populus   tremuloides     Quaking Aspen 
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Populus   tremula   ‘Erecta’   Swedish Aspen 
Populus   tricocarpa     Black Cottonwood 
Prunus   cerasus   cultivars   Sour Cherry 
Prunus   cerasifera  ‘Newport’  Flowering Plum 
Prunus   maackii      Amur Chokecherry 
Prunus   nigra   ‘Princess Kay’  Princess Kay Plum 
Prunus    padus   var. commutata  May Day Tree, Bird Cherry 
Prunus   persica      flowering peach 
Prunus   serotina      Black Cherry 
Prunus   serrulata      oriental cherry 
Prunus    virginiana  ‘Shubert’  Canada Red Cherry 
Pyrus   calleryana     flowering pear 
Pyrus   ussuriensis  ‘Mordak’  Prairie Gem Pear 
Quercus   macrocarpa     Bur Oak 
Quercus   rubra       Northern Red Oak 
Robina   psuedoacacia     Pink Locust 
Salix   alba    ‘Tristis’   Niobe Weeping Willow 
Salix   pentandra     Laurelleaf Willow 
Salix   matsudana  ‘Tortuosa’  Corkscrew Willow 
Sophora   japonica      Japanese pagoda 
Sorbus   alnifolia      Korean Mountain Ash 
Sorbus   aucuparia     European Mountain Ash  
Sorbus   decora      Showy Mountain Ash 
Sorbus   hybrida      Oak Leaf Mountain Ash 
Syringa   reticulata      Japanese Tree Lilac 
Tilia   americana     American Linden 
Tilia   Americana  ‘Redmond’  Redmond Linden 
Tilia   cordata      Little Leaf Linden 
Ulmus   americana     American Elm     
Ulmus   pumila      Siberian  Elm 
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 Evergreen Shrubs 
 
 
Genus   Species   Cultivar   Common Name 
_____________________________________________________________________________________________ 
 
 
Chamaecyparis  obtusa      Hinoki Cypress 
Chamaecyparis  pisifera   Filifera Aurea  Gold Thread Cypress 
Juniperus  chinensis pfitzeriana ‘Gold Coast’  Pfitzer Juniper 
Juniperus  communis     Common Juniper 
Juniperus  horizontalis  cultivars such as  Creeping Juniper 
      ‘Blue Rug’ 
      ‘Blue Chip’ 
      ‘Prince of Wales’ 
Juniperus  sabina   cultivars such as  Savin Juniper 
      ‘Tam’ 
      ‘Scandia’ 
      ‘Buffalo’ 
      ‘Calgary Carpet’ 
Juniperus  scopulorum  cultivars such as   Rocky Mountain Juniper 
      ‘Medora’ 
      ‘Cologreen’ 
      ‘Welchii’ 
Juniperus  scopulorum  ‘Tolleson's Weeping’ Tolleson's Weeping Juniper 
Juniperus  squamata   ‘Meyeri’   Blue Star Juniper   
Juniperus  horizontalis  cultivars   Creeping Juniper 
Microbiota   decussata      Russian Cypress 
Picea   abies   ‘Nidiformis’  Bird’s Nest Spruce 
Picea    abies    'Pumila'  Dwarf Norway Spruce 
Picea    glauca  conica     Dwarf Alberta Spruce 
Picea    pungens    'Glauca Globosa' Globe Blue Spruce 
Pinus    cembra      Swiss Stone Pine 
Pinus   mugho mugho     Mugho Pine 
Taxus   brevifolia     Pacific Yew 
Taxus   cuspidata      Japanese Yew 
Taxus   media      Hybrid Yews 
Thuja   occidentalis  ‘Wareana’  Siberian Arborvitae 
Thuja   occidentalis  Pyramidalis  Pyramidal Arborvitae 
Thuja   occidentalis globosa    Globe Arborvitae 
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Evergreen Trees 
 
Genus   Species   Cultivar   Common Name 
_____________________________________________________________________________________________ 
Abies   balsamea      Balsam Fir 
Abies   concolor      Concolor or White Fir 
Abies   grandis      Grand Fir 
Abies   lasiocarpa     Subalpine Fir 
Cedrus    atlantica   ‘Glauca Pendula’  Weeping Blue Atlas Cedar 
Chamaecyparis  nootkatensis     Alaska Yellow Cedar 
Larix   decidua      European Larch 
Larix   occidentalis      Western Larch 
Larix    siberica      Siberian Larch 
Picea   abies      Norway Spruce 
Picea   glauca      White Spruce 
Picea   glauca densata     Black Hills Spruce 
Picea   engelmannii     Engelmann Spruce 
Picea   pungens glauca     Colorado Blue Spruce 
Pinus   albicaulis      Whitebark Pine 
Pinus   aristata      Bristlecone Pine 
Pinus   contorta  latifolia     Lodgepole Pine 
Pinus    flexilis      Limber Pine 
Pinus   monticola     Westem White Pine 
Pinus   nigra      Austrian Pine 
Pinus   ponderosa     Ponderosa Pine 
Pinus   strobus      Eastern White Pine 
Pinus   sylvestris      Scotch Pine 
Pseudotsuga  menziesii      Douglas-fir 
Sequoia   sempervirens     Coast Redwood 
Thuja   plicata      Western Red Cedar 
Tsuga   heterophylla     Western Hemlock 
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BERRIES AND GRAPES 
 
 Original Author:  Danny L. Barney 


Revised by the Montana Nursery and Landscape Association 2002 
Bob Gough, Roger Joy, Nancy Beech, Nick Engler, Mary Keck, Jennifer Weiss 


 
 


Berries and grapes are traditional garden favorites.  Long grown as a source of fresh fruit, they are also 
becoming popular as ornamentals in edible landscapes. 
 


Strawberries and raspberries are the most common berries produced by homeowners. Grapes, blueberries, 
and blackberries are also popular where climate and soils permit.  Gooseberries and currants, long absent from the 
scene due to disease problems and government restrictions, are beginning to regain their popularity.  Novel fruits, 
such as serviceberries and hardy kiwi, are also gaining popularity in the market. 
 


Most small fruits are easy to produce on a small scale.  Success, however, largely depends upon proper site 
and species or cultivars selected. 


 
 


Site Selection and Preparation 
 


Most berries are susceptible to root rots and require well-drained soils.  Strawberries require at least 8" of 
well-drained soil.  Bush fruits and grapes have larger root systems and 18" of soil is a good recommendation.  
Where shallow soils are a problem, berries lend themselves well to raised beds and containers. 
 


Strawberries, raspberries, blackberries, grapes, currants, and gooseberries grow well on soils with pH 
values between 5.5 and 7.0.  When soil pH is much above 7.0, iron chlorosis can become a problem.  Blueberries 
require acid soils with a pH between 4.2 and 5.0.  High salt concentrations in the soil can also create problems.  
Strawberries are somewhat more tolerant of high soil pH and salt content than most other fruits, although certain 
grape rootstocks are tolerant of alkaline soils.  Limestone or dolomite can be used to raise the pH of acid soils.  
Agricultural grade sulfur applied a year before planting can be used to acidify small areas if the soil does not have 
high sodium or calcium carbonate levels.  Don't add fertilizers or excessive amounts of organic amendments to the 
planting hole.  


 
Some professionals believe that when planting small fruits, only soil that came from the transplant hole 


should go back in with the plant.  If the soil has a good “loam” texture and there is sufficient soil organic matter, this 
statement is true.  Modest amounts of organic amendments can be of benefit, however, in clayey, sandy, or very 
rocky soils.  A few shovelfuls of peat moss or compost can improve the soil environment for quick establishment of 
new roots.  These amendments need to be thoroughly mixed with the original soil material.   
 


One common problem with berries is verticillium wilt.  Wilt diseases damage plants by blocking the water 
conducting mechanisms in a plant. This fungal disease affects a wide range of plants.  Berries should not be planted 
following tomatoes, potatoes, eggplant, cherries, or other small fruits, all of which could be verticillium hosts.  Crop 
rotations are not very effective in controlling this disease, which can live in the soil without a host for many years.  
Soil-applied fungicides have little effect upon verticillium, as does solarization.  Fumigation can help to control 
verticillium, but is often not feasible for home gardeners. Over-fertilization with nitrogen may favor the fungus. If a 
verticillium-free site is not available, production in containers is recommended. 
 


Winter freezes and spring frosts can play havoc with berries and grapes.  Selecting cultivars hardy enough 
to withstand the winters in your area is a good first step. 
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Avoiding frost pockets is also important since many berries begin growth and bloom early in the spring. 
Utilize microclimates to enhance fruit production, such as south aspects or wind sheltered sites. 
 


Most berries are relatively tolerant of pests in home gardens.  Parasitic nematodes are an exception, 
however.  In areas where parasitic nematodes are a problem, homeowners should have their soils tested for 
nematodes before planting.  If the pests are present, plant elsewhere, since the only truly effective treatment for 
nematodes is soil fumigation.  Crop rotation to a non-susceptible host for several years or solarization may help to 
reduce populations, but a more effective recommendation would be to grow the berries in containers. 


  
 Blueberries 
 
Age to Maturity:  6 to 8 years 
Time to harvest:  2 to 3 years 
Expected longevity: More than 50 years 
Hardiness:  -10 to -35oF for half-high types. 
Optimum pH:  4.2 to 5.0 
Spacing:   High bush types: 4’ to 5’ minimum between plants 


Half-high types and hybrids: 1.5’ to 3' between plants 
 
 


Blueberries, like rhododendrons, are members of the heath or Ericaceae family.  They range in size from 3" 
high groundcovers to tree-size shrubs 20' tall.  The most common cultivars are northern high bush blueberries, 
which can be kept 5' to 6' tall with moderate pruning.  Most blueberry cultivars are self-fertile, however as with 
many self-fertile fruit crops, cross-pollination between varieties will often improve fruit-set, size, and earliness of 
ripening.   
 


In addition to producing fruit, blueberries are becoming increasingly popular in landscaping.  Their early 
bloom, glossy leaves, and deep red fall color make them a valuable addition to an edible landscape.  High bush 
cultivars make handsome specimens, especially when clustered in planting beds.  Low bush types and some half 
high hybrids can serve as attractive groundcovers.  Low bush blueberries are generally not found in the market. 
 


Blueberries require acid soil and present cultural problems when grown in areas where soils are alkaline.  
Soil acidification using sulfur can be done for small areas, particularly where planting beds are made using peat 
moss or other organic materials. In alkaline areas, regular soil testing for pH is important for blueberries.   Be aware, 
however, that where soils are alkaline-calcareous, irrigation water is also often alkaline and can offset soil acidifica-
tion practices. Whenever possible, blueberries should be watered with rainwater.  Huckleberries, the native western 
“blueberries”, are not practical for home or commercial production due to specific soil and site requirements not 
easily replicated away from the forests. 
 
Planting Site 


 
Full sun is necessary to produce vigorous, compact plants and high-quality berries.  Late afternoon shade is 


tolerated.  Avoid planting in frost pockets to protect the early spring blossoms.  The ripening dates of blueberries 
vary tremendously. Most  
cultivars bloom at about the same time in a hot year, but in a normal year bloom times are spread out and selection 
of late-blooming cultivars can reduce spring frost damage. 
 


Blueberries make excellent container patio plants.  Select smaller high bush cultivars or half high hybrids.  
Commercial potting mixes in 5-gallon containers work very well, using acidic fertilizers with diligent watering.  
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Culture 
 


Two or three year old plants in one or two-gallon containers are normally purchased by homeowners, 
although dormant bare root plants also give good results.  Set out bare root bushes as early in the spring as possible.  
Containerized stock can be planted any time, preferably by early summer. 
 


Remove all flowers the planting year and the following year.  The bushes can be lightly cropped the third 
summer after planting. 
 


Apply fine bark mulch 4" to 6" deep around newly planted bushes.  Maintain the mulch permanently to 
control weeds and protect the roots.  Keep the mulch pulled back several inches from the base of the stems.  Watch 
out for rodent damage to the lower stems. 
 


Don't fertilize the year of planting.  Normally ammonium sulfate is the material of choice, since it helps to 
maintain a low soil pH. Acidic compost is beneficial as well. For specific fertilizer recommendations and pruning 
techniques consult a good reference book. (Some are listed at the end of this chapter.) 
 


Blueberries in home gardens tend to have few serious insect or mite pests.  The bushes are attractive to 
deer, however, and birds can extensively damage the fruit.  Protect against bird damage by covering the entire bush, 
to the ground, with bird netting.  Specially constructed fences are the only effective way to prevent deer damage. 


     
  


Brambles 
 
 Expected longevity: 8 to 10 years 
 Age to maturity:  3 years 
 Time to harvest:  1 year (or less) 


Hardiness:                        Blackberries:   +5 to -15OF 
                            Black Raspberries:   -5 to -10oF 
   Purple Raspberries: -10 to -15oF 
   Red Raspberries:  -15 to -20oF 
   Yellow Raspberries: -15 to -20oF 


 
 


Raspberries and blackberries are closely related members of the rose family (Rosaceae) and are popular 
garden fruits.  The plants are perennial and can live for 40 years, but may have to be replaced every 8 to 10 years 
due to buildups in pests and diseases. 
 


The canes are biennial, producing vegetative growth the first season and fruiting and dying the second 
season.  Canes produced during the current growing season are referred to as primocanes.  During their second 
growing season, the canes are called floricanes.  Fruit is borne on lateral shoots, normally on floricanes. Fall-bearing 
raspberries bear fruit at the tips of primocanes. 
 


The fruit is an aggregate of about 75 to 125 individual drupelets, which are bound together.  Each drupelet 
contains a single seed.  In raspberries, the drupelets separate from the receptacle, leaving a delicate fruit with no 
core.  Blackberry drupelets don't separate from the receptacle, so harvested blackberries are not hollow and are, 
therefore, firmer and less subject to damage than are raspberries. 
 
 







 


 
14-4 


Site Selection 
 


Site selection is especially important with brambles because of their susceptibility to root diseases and the 
limited cold hardiness of some cultivars.  All brambles perform best in full sun.  Deep, well-drained soils are best.  
Heavy soils or the presence of hardpans or clay layers often lead to rot or root diseases.  High soil organic matter 
and a soil pH between 6.0 and 7.0 are recommended for brambles. 
 


Winter freezing and desiccation injury is a problem with brambles in many parts of Idaho and Montana.  
Hardiness ratings are shown at the beginning of this section.  Red and yellow raspberries are the most cold hardy of 
the brambles, followed by purple raspberries, black raspberries, and blackberries.  Even if freezing kills the canes, 
the roots often survive and produce new canes.  
 
Planting 
 


Properly maintained bramble plantings should be pruned yearly, sometimes more.  Some brambles require 
trellising and tying to support the canes. Most red raspberries can be free standing if they don’t grow too tall. Late 
spring snows can damage unsupported plants by bending them to the ground. Because brambles have very shallow 
root systems mulching is helpful for moisture retention and weed suppression.  
 


Nurseries sell brambles as bare root, tissue-cultured, and containerized plants.  Bare root plants provide 
homeowners with reliable results, as long as the plants are dormant and the roots are never allowed to dry out.  Bare-
root stock should be planted into weed-free plots during the early spring.  Immediately after planting bare-root stock, 
water and cut all canes off 3” above the ground to force root growth and strong primocane development. 
 


Containerized plants are reliable and can be planted any time (preferably by mid-summer), although best 
results are obtained in the early spring. 
 


Certified tissue-cultured brambles are often used by commercial growers, primarily because such stock is 
generally free from pests and diseases. Tissue-cultured stock is expensive, however, and is more delicate and 
difficult to establish than either containerized or bare-root stock. 
 


Set out red and yellow raspberries 2' to 2.5' apart in rows 8' to 10' apart.  These raspberries can be grown in 
hedgerows by allowing suckers to fill in between the original plants, or can be kept in hills by removing all suckers 
between the hills during dormant pruning.   
 


Black raspberries, purple raspberries, and blackberries do not spread much by suckering and are usually 
grown in hills 3’ apart. 
 
Fertilization 
 


Brambles require moderate levels of soil fertility.  They respond particularly well to additions of organic 
matter to the soil.  Most organic and inorganic fertilizers work well for raspberries.   
 


Shortly after planting, fertilize the rows with 1.5 ounces of actual nitrogen per 10 feet of row or per 3 to 4 
hills.  Base potassium, magnesium, sulfur, and boron applications on soil analyses if needed. 
 


In subsequent years, apply 2 ounces of actual nitrogen per 10 feet of row or per 3 to 4 hills.  For best results 
when using quick-release fertilizers, apply half of the fertilizer in the early spring, just as growth is beginning.  
Apply the second half at the beginning of bloom. 
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Pruning and Training 
 


Most brambles should be pruned at least once a year.  After the harvest, prune out all old canes that bore 
fruit and any weak canes.  Remove the cut canes from the planting. During the early spring, thin out red and yellow 
raspberries to leave 4 or 5 canes per foot or 8 to 10 canes per hill, with hills 2' apart.  Cut back the canes to a height 
of 4’ to 5'. This is especially important if plants are not supported. 
 
 For information on pruning techniques for the other brambles consult reference materials listed at the end 
of this chapter. Examples of trellises and training systems are shown in Figure 14-1. 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


Figure 14-1.  Trellises and support systems for brambles 
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Strawberries 
 
 
Expected longevity: 3 to 4 years 
Hardiness:  +25 to -35OF 
Optimum pH:  5.5 to 6.5 
Spacing:   Matted row - set plants      


18" to 24" apart in rows  3' to 4' apart 
Hills - set plants 12" to      
18" apart in double rows 3' to 4' apart 


Fruiting Year: 
June-bearing: second 
Ever-bearing:     second 
Day-neutral: first 


 
Strawberries are among the easiest fruits to grow in home gardens and containers.  The same general soil 


considerations apply as for raspberries. 
 


Strawberries are members of the rose family (Rosaceae), and are not berries at all!  The "fruit" is actually a 
swollen receptacle.  The true fruits are the straw-colored achenes or seeds on the outside of the receptacle.  These 
achenes are very important for the development of the strawberry fruit because they produce the growth regulators, 
which control the growth of the receptacle.  Poor pollination, frost, and insects can damage the developing seeds, 
leading to small, distorted strawberries. 
 


Climate considerations are important when planning for strawberries, since cold hardiness varies from +25 
to -35oF, depending upon the cultivar.  Strawberries bloom very early in the spring and are susceptible to spring frost 
damage.  Avoid planting in a frost pocket or provide frost protection. 


 
There are three types of cultivated strawberries: June-bearing, ever-bearing, and day-neutral. June-bearing 


strawberries make up the majority of home plantings.  These cultivars develop flower buds during the long days of 
summer and bloom early the following spring. They bear heavily in June. Ever-bearing strawberries initiate flower 
buds both during the spring and summer.  These cultivars bear two light crops each year, in the late spring and fall.  
Yields are generally less than for June-bearing types. Day-neutral strawberries initiate flower buds regardless of day 
length, and will produce berries spring through fall.  Overall yields are about the same as or slightly less than June-
bearing plants. On average in a well-managed planting, each strawberry plant will produce about one pound of fruit 
per year. 


 
 


Planting 
 


Strawberries produce the most fruit when planted in a full sun location with at least 8" of well-drained soil.  
Day neutral types will tolerate afternoon shade. If poor soil drainage or verticillium wilt is a problem, plant 
strawberries in containers.   
 


Soil pH should be between 5.5 and 6.5 for best results, although strawberries can be grown in soils with pH 
values near 7.5 with relatively few problems.  
 


Weeds are a very serious threat to strawberries, and should be eradicated from a site before strawberries are 
planted. Strawberries are shallow rooted, so weed with caution. Strawberries are also very sensitive to herbicide 
residues. Thus mechanical weed control is preferable. 
 


Strawberries are susceptible to many fungal and viral diseases.  Plant only new, certified disease free stock. 
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Incorporate 0.1 pounds of actual nitrogen per 100 square feet before planting.  Apply P, K, 


S, Mg, and B according to soil test results.  During the growing season, apply 0.5 ounces per 100 square feet of 
actual N as a side dressing soon after the harvest of June-bearers or after the first crop of ever-bearers. 
 


Set dormant, bare-root plants out as soon as the soil can be worked in the spring.  Dormant plants must be 
kept refrigerated until planting, and the roots must never be allowed to dry out.  Set the plants with the crown at soil 
level.  Spread the roots out in a fan-like pattern across your finger when setting the plants into the holes.  
Containerized strawberries can be planted any time, preferably by mid-summer. 
 


Most homeowners choose to plant strawberries in either matted rows or in a hill system.   Matted rows 
provide the most efficient use of plants, while the hill system maximizes yields one year after planting.    Examples 
of each system are shown in Figure 14-2. 
 


Mulching is often used to control weeds and keep fruit clean.  Clean straw or pine needles are excellent for 
strawberry mulch.  Black plastic or weed barriers may be used, though they make irrigation or fertilization more 
difficult. 
 


For June-bearing and ever-bearing strawberries remove all blossoms during the planting year to strengthen 
the plants and develop strong root systems.  Remove flowers from day-neutral plants through mid-August of the 
planting year. 
 
Winter Protection 
 


Strawberries can be mulched during the winter to reduce freezing injury.  One option is to apply 4" to 6" of 
clean straw to the strawberry rows in the late fall or early winter, following several hard frosts.  In March or April of 
the following year, rake the straw into the alleyways to control weeds. 


 
Floating fabric row covers also provide reasonably good protection, and can be kept on longer in the spring 


to protect from late frosts and improve yields. To avoid heat buildup under the row cover, always use white fabrics. 
Many gardeners don’t cover their strawberries at all and still get good production most year
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Renovation 
 


Renovation is a cultural practice that helps keep strawberries vigorous and productive, while also 
controlling some diseases.  Disease and pest buildups usually limit the productive life of strawberry plantings to 
three or four years in commercial production. It is at this time they are renovated.  


 
After harvest in the third year, mow off all leaves using a lawn mower.  Set the mower high enough so that 


the blades do not damage the strawberry crowns.  Rake the leaves out of the strawberry patch and dispose to reduce 
disease problems. Remove the old woody crowns and leave the younger, newer plants to fill in. Topdress the 
renovated patch with compost and sand to encourage rooting.  
 


 Homegrown plantings can last up to 8 or 10 years before production declines. The best yields are generally 
obtained during the first fruiting year.  Remove old plantings and rotate to a non-small fruit crop. 


  
 
 Currants and Gooseberries 
 
 
Expected Longevity:  10 to 20 years or more 
Time to first harvest:  1 year 
Optimum pH:   5.8 to 6.8 
Hardiness:   -25 to -31 degrees F 
 
 


Currants 
Age to maturity:  3 to 5 years 
Spacing:  3' to 5’apart 


 
Gooseberries 
Age to Maturity: 5 to 7 years 
Spacing:  3' to 5' apart 


 
 
 


Because of their association with white pine blister rust disease problems early in the 1900s, currants and 
gooseberries were long absent from most home gardens.  Many states even banned their production and sought to 
eradicate all wild and cultivated Ribes. 
 


Because eradication efforts failed and rust-resistant white pine species have been developed, federal 
restrictions on Ribes production have been rescinded. 
 


Currants and gooseberries are members of the family Grossulariaceae.  During the late 1800s and early 
1900s, they were widely grown in the United States and are still grown widely in commercial European plantations. 
 


The fruit consists of true berries that are borne in clusters called strigs.  Currants are harvested by picking 
off an entire strig at once. Currants are smaller than gooseberries and the fruits have no spines. Red currants, in 
particular, are tart and make excellent preserves. 
 
 







 


 
14-9 


Gooseberries are generally harvested individually.  The berries can be eaten fresh, but are more often used 
in preserves and juices. Gooseberries resemble grapes in size, shape, and flavor.  They may be white, green yellow, 
or red.  They make excellent preserves and pies.  Sharp spines make picking gooseberries somewhat difficult. 


 
Culture 
 


Ribes are generally easy to grow if a few simple precautions are taken.  Site selection is about the same as 
for raspberries, although currants and gooseberries are adaptable to both full sun and partial shade.  They perform 
best in cooler areas. Gooseberries are more tolerant of high heat than currants.  In warmer areas, plant these fruits in 
partial shade or on east-facing slopes. Currants and gooseberries bloom very early in the spring and frost protection 
may be necessary. 
 


Because they bloom very early, bare root currants and gooseberries are normally fall planted.  For retail 
sales to homeowners, containerized stock and spring planting are recommended.  Containerized stock can be planted 
any time. During the planting year, strip off all flowers and fruits that may develop. Begin cropping one year after 
planting. 
 


Gooseberries and currants can survive on relatively infertile soils, but vigorous plants and good fruit 
production requires good nutrition.  Apply 4 ounces of 10-10-10 per bush after the planting year.  Currants and 
gooseberries need occasional pruning.  Most fruit is borne on two-year-old wood. In general, thin out the oldest 
stems. For specifics on pruning currants and gooseberries refer to one of the references listed at the end of this 
chapter. 
 
Blister Rust 
 
 Several diseases and pests affect Ribes; one of the most notorious is white pine blister rust. Blister rust is a 
serious problem where 5-needled pines and currants are found.  The blister rust organism must have both a Ribes 
and a five-needled pine host in order to survive.  Affected Ribes develop yellow rust pustules on their leaves, may 
be somewhat stunted, and may suffer from premature defoliation.  Five-needled pines develop cankers, which 
quickly girdle and kill trunks and branches. This rust disease is one of the most serious diseases affecting 5-needled 
pines.  
 


Red and white currants, gooseberries, and jostaberries (hybrids between black currants and gooseberries) 
are relatively resistant to the blister rust organism.  Many wild currants and most cultivated black currants are 
susceptible to the disease.  At least three rust-resistant black currant cultivars are now available. If native or 
introduced 5-needled pines are located in your area, don't plant black currants or plant only blister rust resistant 
cultivars.  Plant at least 1000 feet (preferably 3/4 mile or more) away from any 5-needled pine. 


  
 


Grapes 
 
Expected longevity: 30+ years 
Age to maturity:   4 years 
Optimum pH:  6.0 to 7.0 
Hardiness:  depends upon cultivar 
Spacing:   5' to 8' apart 


 
 
Grapes require both a relatively long, warm growing season (150-180 frost-free days) to develop and 


mature a crop, and a cool winter to meet chilling and dormancy requirements. 
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In the United States, California is the leading producer of grapes, with New York and the Pacific Northwest 
following.  The climates in these locations are excellent for grape production largely due to the influence of large 
bodies of water that serve to moderate winter temperatures. 
 


With a few exceptions, the climate in Idaho and Montana does not favor grape production, and growers 
must generally utilize only the most cold hardy and earliest maturing cultivars. Production will be marginal, and 
requires special cultural practices. 
 


There are three types of grapes that are of commercial importance in northern climates.  The native North 
American grapes (ex. Vitis labrusca) are characterized by skins that 'slip' easily from the pulp when squeezed 
between your fingers.  This group, represented by the Concord cultivar, is quite cold hardy and fruits tend to have 
strong flavors, which are well suited to juice and processing.  Certain cultivars have been used commercially for 
wine.  Both seeded and seedless cultivars are suitable for table use. ‘Beta’ and ‘Valiant’ are two very hardy cultivars 
derived from native species. 
 


European wine grapes (Vitis vinifera) are the most widely grown grapes in the world.  They tend to be less 
cold hardy than American grapes. Commercially, they are used for wine production, table grapes, and raisins.   
 


French hybrid grapes were produced by cross breeding North American species and European cultivars.  
These hybrids are generally used for wines, are intermediate in cold hardiness, and tend to have small berries. 


 
Grape species and varieties vary in their ability to self-pollinate.   Be aware of this trait when selecting 


varieties, as many are self-sterile and will therefore require cross-pollination from another variety to set fruit.    
 
Cultural Practices 
 


The cultural practices that are used for grapes are far more sophisticated and complex than those for any 
other small fruit.  Correct site selection and preparation, cultivar selection, pruning, and training are critical for 
production.  A complete guide to grape production is beyond the scope of this publication, and anyone considering 
or actually involved in grape production should refer to more detailed guides (several references are listed at the end 
of this chapter.) 
 
Soil Preparation 
 


Soil pH should be between 5.5 and 6.5, although grapes can tolerate a wider range of pH values.  Where 
soils are alkaline and calcareous, grapes usually don't grow well.  Special rootstocks are available which are adapted 
to such sites.  American grapes are susceptible to damage from alkaline soils. For site preparation, follow the 
procedures listed for brambles. 
 
Fertilization 
 


Nitrogen is the most commonly limiting nutrient in grapes, as well as most other small fruits.   The best 
indication of nitrogen status is to look at how vigorous the vines are.  Vine vigor will be affected both by pruning 
and by nutrition.  Heavy pruning and excessive fertilization both cause a great deal of shoot growth. 
 


For moderately vigorous mature vines, apply 1 ounce of actual nitrogen per vine in one or two spring 
applications.  For weak vines, apply 1.5 to 2.0 ounces of actual N.  Leaf appearance and tissue analysis are the best 
guides to the need for other nutrients.  As a general rule, don't fertilize during the planting year. 
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Irrigation 
 


Grapes are deeper rooted than most small fruits, but irrigation is normally required into mid-summer. 
Irrigation should not be continued much past mid-summer in order to slow vine growth and allow the vines to 
acclimate for the winter.  Drip irrigation is the method of choice, because overhead irrigation increases the 
likelihood of botrytis fruit rot. 
 
Planting 
 


The spacing between vines depends upon the vigor of the cultivars.  Vigorous cultivars, such as Concord 
should be spaced about eight feet apart in rows.  Less vigorous cultivars or those that are less hardy may be spaced 
closer (five feet apart). 
 


Grape plants are sold by grade and age, as bare-root plants or containerized. Plant early in the year and 
mulching with 4" to 6" of fine bark or compost in the fall to improve the odds for success.  


  
Plant vines to the same depth that they were in the nursery.  After planting bare-root stock, prune off the shoot so as 
to leave two or three healthy buds, with no branches. 
 
Pruning 
 


Many pruning systems have been used for grapes. Usually the amount of wood removed is determined by 
the amount produced the previous season, and varies according to grape type and cultivar.  
 


Cane pruning is the simplest pruning system and well suited to most homeowners needs. Normally, four 
long canes and four short renewal spurs are left after pruning each spring.  Cut the renewal spurs to leave two buds 
each. 


Spur pruning is somewhat more difficult than cane pruning, and generally requires that permanent cordons 
(branches) be established along a trellis.  Instead of several long canes, many short spurs are kept after pruning.  
Cordons tend to be more susceptible to freezing injury and other disorders than cane-pruned vines. For more 
information on pruning consult reference materials. 
 
Training 
 


With few exceptions, grapes require support on trellises or arbors.  Many trellis systems are used around 
the world, but the basic purposes of each are to provide solid support and maximize light exposure.  Several simple 
training systems, which are suitable for home production, are shown in Figure 14-3. 
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Frost Protection 
 


Frost protection in grapes is most important at the end of the season to protect the fruit. Grapes bloom late 
and usually escape spring frosts. When the fruit is ripening late in the season, protect from frost with frost fabric. 
Irrigation is not recommended as a form of frost protection because of the increased risk of fruit rot. In areas with 
cold winter temperatures, protect grapes with mounded soil and mulch at the base of each plant. 
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____________________________________________________________________________________________  
Review 


 
 
A. A customer wants to plant raspberries.  He has had 8 inches of topsoil spread over the heavy, clay soil that 


is native to the site.  The topsoil pH is 7.0.  What recommendations would you make to your customer to 
enable them to grow the berries?  


 
 _____________________________________________________________________________________ 


 
 
 B. Explain what verticillium wilt is and how to prevent it in berry plantings.  __________________________ 
 


_____________________________________________________________________________________ 
 
 
C. Explain the terms primocane and floricane.  What crops do these terms apply to? 
 


_____________________________________________________________________________________ 
 
 _____________________________________________________________________________________ 
 
 
D. Rank the following brambles in order of relative cold hardiness. 
 
 blackberries__  black raspberries__  red and yellow raspberries__  purple raspberries__   
 
 
E. Explain to a customer how to prune red raspberries.  ___________________________________________ 
 
 _____________________________________________________________________________________ 
 
 
F. Describe an optimum site for strawberries, considering soil type and depth, pH, air drainage, and previous 


crops.   
 ________________________________________________________________________ 
 
 
G. Briefly describe the three types of strawberries. 
 


1. ___________________________________________________________________________________ 
 


2. ___________________________________________________________________________________ 
 
              3. __________________________________________________________________________________     
 
 
H.           Which type of grape is most cold hardy for northern gardens? 
 
 _____________________________________________________________________________________ 
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Appendix A 
 


CONVENIENT CONVERSION FACTORS 
 


 


MULTIPLY BY TO GET 


Acres 43,560 Square Feet 
 4,840 Square Yards 
Bushels 2,150.42 Cubic Inches 
 4 Pecks 
 64 Pints 
 32 Quarts 
Centimeters 0.3937 Inches 
 0.01 Meters 
 10 Millimeters 
Cubic Feet 1,728 Cubic Inches 
 0.03704 Cubic Yards 
 7.4805 Gallons 
 59.84 Pints (liquid) 
 29.92 Quarts (liquid) 
Cubic Inches 16.39 Cubic centimeters 
Cubic Meters 1,000,000 Cubic centimeters 
 35.31 Cubic Feet 
 61,023 Cubic Inches 
 1,308 Cubic Yards 
 264.2 Gallons 
 2,113 Pints (liquid) 
 1,057 Quarts (liquid) 
Cubic Yards 27 Cubic Feet 
 46,656 Cubic Inches 
 0.7646 Cubic Meters 
 202 Gallons 
 1,616 Pints (liquid) 
 807.9 Quarts (liquid) 
Feet 30.48 Centimeters 
 12 Inches 
 3.048 Meters 
 1/3 or 0.33333 Yards 
Feet / minute 0.01667 Feet per second 
 0.01136 Miles per hour 
Gallons 3,785 Cubic Cm 
 0.1337 Cubic Feet 
 231 Cubic Inches 
 128 Ounces (liquid) 
 8 Pints (liquid) 
 4 Quarts (liquid) 
 8.3453 Pounds of Water 
Grains 0.0648 Grams 
Grams 15.43 Grains 
 0.001 Kilograms 
 1,000 Milligrams 
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 0.0353 Ounces 
Grams / liter 1,000 Parts per Million 
Inches 2.54 Centimeters 
 0.08333 Feet 
 0.02778 Yards 
Kilograms 1,000 Grams 
 2,205 Pounds 
Kilometers 3,281 Feet 
 1,000 Meters 
 0.6214 Miles 
 1,094 Yards 
Liters 1,000 Cubic Centimeters 
 0.0353 Cubic Feet 
 61.02 Cubic Inches 
 0.0001 Cubic Meters 
 0.2642 Gallons 
 2.113 Pints (liquid) 
 1.057 Quarts (liquid) 
Meters 100 Centimeters 
 3.281 Feet 
 39.37 Inches 
 0.001 Kilometers 
 1,000 Millimeters 
 1,094 Yards 
Miles 5,280 Feet 
 320 Rods 
 1,760 Yards 
Miles per Hour 88 Feet per Minute 
 1,467 Feet per Second 
Miles / Minute 88 Feet per Second 
 60 Miles per Hour 
Ounces (dry) 437.5 Grains 
 28.3495 Grams 
 0.0625 Pounds 
Ounces (liquid) 1.805 Cubic Inches 
 0.0078125 Gallons 
 29.573 Milliliters (cubic centimeters) 
 0.0625 Pints (liquid) 
 0.03125 Quarts (liquid) 
Parts / Million 0.0584 Grains per U.S. Gallon 
 0.001 Grams per liter 
 8.345 Pounds per million gallons 
Pecks 0.25 Bushels 
 537.605 Cubic inches 
 16 Pints (dry) 
 8 Quarts (dry) 
Pints (dry) 0.015625 Bushels 
 33.6003 Cubic inches 
 0.0625 Pecks 
 0.5 Quarts (dry) 
Pints (liquid) 28.875 Cubic inches 
 0.125 Gallons 
 0.4732 Liters 
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 16 Ounces (liquid) 
 0.5 Quarts (liquid) 
Pounds 7,000 Grains 
 453.5924 Grams 
 16 Ounces 
 0.0005 Tons 
Pounds of Water 0.01602 Cubic Feet 
 27.68 Cubic Inches 
 0.1198 Gallons 
Quarts (dry) 0.03125 Bushels 
 67.20 Cubic inches 
 0.125 Pecks 
 2 Pints (dry) 
Quarts (liquid) 57.75 Cubic Inches 
 0.25 Gallons 
 0.9463 Liters 
 32 Ounces (liquid) 
 2 Pints (liquid) 
Rods 16.5 Feet 
Square Feet 144 Square inches 
 0.11111 Square yards 
Square Inches 0.00694 Square feet 
Square Miles 640 Acres 
 28,878,400 Square feet 
 3,097,600 Square yards 
Square Yards 0.0002066 Acres 
 9 Square Feet 
 1,296 Square Inches 
Temperature (°C)+17.98 1.8 Temperature, °F 
Temperature (°F)-32 5/9 or 0.5555 Temperature, °C 
Ton 907.1849 Kilograms 
 32,000 Ounces 
 2,000 Pounds 
Yards 3 Feet 
 36 Inches 
 0.9144 Meters 
 0.000568 Miles 
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a combination of warm and cool white fluorescent bulbs to 
provide supplemental light or grow lights, which provide the 
full spectrum of light waves. Space light bulbs about 2 inches 
apart, center to center, and no higher than 18 inches above the 
plants. Leave them on from 12 to 16 hours each day after the 
seedlings have emerged.


Grow peppers, eggplants, and tomatoes in flats and 
transplant them to the garden bare-root. Plant cell packs may 
also be used. Cucumber, squash, muskmelon and watermelon 
do not transplant well bare-root, so grow them in peat pots or 
jiffy pellets and transplant them to the garden with an intact 
soil ball. Grow cabbage, cauliflower, Brussels sprouts, broccoli, 
lettuce, and onion transplants either in flats or in containers. 


If you use peat pots for transplanting, be sure the entire 
pot is buried to prevent water loss from soil around the plant 
through the “wick” action of the peat pot rim being exposed 
to the air. You can use Styrofoam cups as growing containers 
if you punch drainage holes in their bottoms. Remove these 
containers at planting. 


Purchase a good soilless grow mix in which to raise your 
transplants or make one yourself by mixing equal parts ground 
sphagnum moss and horticultural vermiculite or perlite. If the 
foliage of your seedlings turns yellow-green, water your plants 
with a solution of 2 tablespoons of a fertilizer such as 20–20–
20 in a gallon of water.


Sow seeds of warm season vegetables 1/4 inch deep in rows 
at the rate of 1 seed per inch of row if in flats, or 1-2 seeds per 
container. Wet the planting medium and allow excess water to 
drain before planting. Don’t over-water your seedlings.


Seeds of warm season crops such as eggplant and peppers 
germinate fastest at 80°–90°F while those of other vegetables 
germinate better at 60°–80°F. After emergence, reduce the 
growing temperature to 60°F at night and 70–75°F during 
the day for most warm season crops. Cool season crops and 
tomatoes do well with 68° F day temperatures and 45° to 50° F 
night temperatures.


Planting a Successful 
Home Vegetable Garden


HaVinG a SucceSSful VeGetable Garden 
depends not only upon how you garden but upon planting 
enough of the right vegetables at the right time to supply your 
family’s needs.


Plant at the right time. This will vary with air temperature, 
soil temperature and the needs of individual crops. Hardy 
crops like cabbage tolerate frosts and can be planted in early 
spring; tender crops like peppers don’t tolerate frosts and need 
more heat to mature properly, so plant them when the soil has 
warmed to 60° F.


How you organize crops in the garden is also important. 
Plant tall vegetables like corn on the north or northeast side of 
the garden to reduce shading. Orient all rows in a north-south 
direction to take advantage of the best sunlight distribution. 
Plant vegetables that need heavy watering in the fall away from 
those like onions, potatoes, and other root crops, which need to 
be dry to be stored properly. Proper spacing between plants is 
also important.


The table on pages 2 and 3 contains information about 
average days to maturity, plant spacing, planting depth, average 
yields, and planting dates for common vegetables.


Cultivars
Note the number of “days to maturity” on the seed packet to 
be sure the cultivar will have time to mature before the end of 
the season. To determine your frost-free period, contact your 
county Extension agent or use MontGuide 199308 AG, “Can 
I Grow That Here?” or EB165 - "A Montana Garder's Book of 
Days". The dates given for your locality represent average length 
of growing seasons and the real season length can vary by plus 
or minus two weeks from the length given.


Growing Transplants
Many tender vegetables can’t mature in our short seasons; start 
plants indoors or buy transplants from a local nursery or garden 
center.


If you grow your own transplants, give them adequate light. 
The windowsill may appear bright enough but it isn’t. Use 
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Transplant bare-root seedlings into cube trays or individual 
planting pots when they’ve reached an inch in height. Moisten 
the medium and, with a pencil, punch a hole in the medium 
deep enough to accommodate the root system without 
crowding. Lift the seedling from the original container with a 
pencil, set it into the hole, and firm the medium around it with 
the pencil.


Sow large-seeded vegetables like cucumber and pumpkin 
into individual containers by pushing the seeds into the mix 
with a pencil eraser.


Water the transplants until water exits through the drain 
holes or through the peat pot. Then don’t water again until 
plants just begin to wilt. Test the need to water by squeezing a 
small amount of medium from the upper half of the container 
between your fingers. If no water appears, it’s time to water. For 
soilless mixes such as peat moss, perlite or vermiculite, don’t 
water if water drips from the mix.


Harden transplants before setting them to the garden. Slowly 
reduce the temperature, reduce watering, and increase light 


levels. Placing plants outside during favorable weather for two 
to three weeks before transplanting is a good way to harden 
them to outside conditions. Bring plants indoors each night 
when frost is expected.


For warm season crops such as cucumber, tomato, pepper 
and eggplant, plastic mulch or the newer geotextile fabric 
mulches help warm the soil and reduce weed competition. Set 
plants through flaps cut in the plastic sheeting or fabric. You 
can seed cucumber and squash directly into the soil beneath 
flaps that you cut into the material.


Pest Control
You can eliminate many pest problems if you use artificial 
soil mixes or sterilize garden soil prior to seeding. Buy disease 
resistant cultivars, space the plants properly to allow circulating 
air to dry the foliage and never water at night.


Rotate vegetable crops each year and clean up debris at the 
end of each season.
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BASIC SOIL CONCEPTS 
FOR NURSERY AND LANDSCAPE MANAGEMENT 


 
Original Author: Dr. Thomas J. Keck, USDA-Natural Resources Conservation Service 


 
2018 Mac Burgess 


 
What is Soil? 
 


There are many answers to this question. Soil is a mixture of mineral grains, air, water, organic matter, and 
living organisms. It can be thought of as a living medium. A healthy soil will be teaming with life. Soil may be the least 
understood yet most important component of any horticultural system. It provides the interface between living plant and 
animal communities at the earth’s surface and largely inert geologic substrates below.  
 
Functions of Soil 
 


Perhaps the most important functions of soils are to supply water and nutrients to plant roots. As we will learn 
in this chapter, different types of soil have very different capacities in this regard. Soils also act to physically support and 
anchor root systems. They provide a home to countless animals including millions of microorganisms. Soils provide air 
to roots. When it rains, soils act like a sponge, taking in water which would otherwise run over the ground in floods, and 
then supply water to plants between rain and irrigation events. Finally, microorganisms within the soil break down waste 
products and other environmental contaminants converting many of them to plant nutrients. In all these functions, soil 
potential varies substantially from one location to another across the land. 
 
Soil Formation 
 


The wide range of soils that exist in Montana and Idaho have formed over time in response to differences in 
geologic parent material, climate, topography (the shape of the land), and vegetation/biota. These five factors are called 
the soil forming factors (Fig. 1-1). Each plays a distinct role influencing specific soil properties. Given the wide range of 
parent material types, local climates, landforms, and plant communities found in Montana and Idaho, it’s no wonder we 
have such a diverse range of soil types across this region. 
 


How long does it take for a soil to form? This depends in part on how you define soil. Soil organic matter 
begins to accumulate at the soil surface as soon as vegetation colonizes fresh sediment that may have been deposited by a 
river or blown in on the wind. In some sense, a soil has formed. Soils as old as tens of thousand years, formed in 
locations of the most recent widespread glaciation in north America can be considered young compared to the highly 
weathered soils of the south that have experienced hundreds of millions of years of weathering . 


 
Soils in Horticulture 
 


Soils are important to the horticulturist for a number of reasons. The first relates to matching plant requirements 
to site conditions. Why does one species planted at a site thrive while another barely survives? Did we fail to consider 
microclimate in our plant selection? Was our planting technique flawed? Maybe we failed to water enough after 
planting? Or perhaps, we failed to consider the soil requirements to which the second species is adapted. Soil factors 
such as texture, drainage, pH, depth, salinity, calcium carbonate, soil organic matter, and the amount of rock fragments 
all play a role in influencing the adaptability of selected horticultural species to a site. 
 


Horticulturists often have to manage soils through irrigation, fertilization, or even bringing in new soil, in order 
to obtain desired plant performance. Understanding soils becomes an essential part of this management whether you are 
working in an established landscape or installing a new landscape. For example, water management is often a prime 
concern. The timing of watering, how much water to add, and the depth to which water is being applied all depend upon 
properties of the soil. The effective design of irrigation systems cannot be accomplished without knowledge of soil 
properties as well as characteristics of plants. The effective use of fertilizers, other amendments like gypsum, and some 
herbicides, depends on knowledge of soils. 
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Figure 1-1. Schematic diagram of the five soil forming factors: parent material, climate, living 
organisms including man, topography, and time. 
 
Particle Sizes 
 


Soils are primarily composed of mineral grains, tiny pieces of rock that are packed together to form the soil 
matrix. All mineral grains less than 2 mm in diameter are considered fine-earth. Particles larger than 2 mm are rock 
fragments. 
 


The fine-earth portion of soil can be further divided into clay, silt, and sand sized particles. Clay particles are 
those less than 0.002 mm in diameter,  Silt particles are between 0.002 and 0.05 mm in size, and sand particles are 
between 0.05 and 2.0 mm. Figure 1-2 shows the relative size of each, magnified approximately 30 times. Exact class 
breaks between the different particle sizes are of little concern to us here. The net effect different size classes have on 
soil behavior is of prime importance.  
 


 
 
Coarse - Medium Sand    Fine Sand       Silt      Clay 
     2.0-0.25 mm   0.25-0.05 mm   0.05-0.002 mm      less than 0.002 mm 
 
Figure 1-2. Relative sizes of sand, silt, and clay particles (enlarged about 30 times). 
 


Geology( Parent Material )


Topography


Vegetation
     ( Biota )


   TimeMan ClimateClimate







 


 
1-3 


 
Soil Texture 
 


For most soils, if you could know only one thing about the soil, you would probably want to know its texture. 
Soil texture refers to the relative proportion (or percent) of sand, silt, and clay in the fine-earth (<2 mm) fraction of the 
soil. As a start, soils that are predominantly clay size particles are called clays. Soils that are primarily sand size particles 
are called sands and soils that are mainly silt size particles are called silts. A fairly even mixture of sand, silt, and clay 
sized particles is called a loam. In an ideal world, we would probably like all the soils we work with to be rich, fertile, 
loams. 
 


Within the above framework, there are a number of subdivisions resulting in a total of 12 soil texture classes 
determined by the relative proportions of sand, silt, and clay. Each of these classes is displayed on the texture triangle 
(Fig. 1-3). To interpret the triangle, first note that along each edge there is a 0 to 100% scale. The axis on the left side of 
the triangle is percent clay from 0 in the lower left corner to 100% at the top. The scale for percent silt runs along the 
axis on the right side from 0 at the top to 100% silt in the lower right corner. The scale for percent sand starts at 0% in 
the lower right corner and increases to the left up to 100% sand in the lower left corner. Any point within this triangle 
represent a unique combination of percent sand, silt, and clay that totals 100%. Superimposed on the triangle are the 
twelve soil texture classes. Soil texture class can be read directly off the triangle once the location on the triangle is 
found for the percent sand, silt, and clay in the soil. For example: a soil with 20% clay, 25% sand, and 55% silt falls 
within the silt loam class.  


 
It will help if you think of the soil texture names in terms of adjectives and nouns. The adjective precedes the 


noun and modifies it. Thus, a silt loam is a loam with a relatively high amount of silt. It has less silt size particles than a 
silt but more than a standard loam. A clay loam is a loam with a relatively high amount of clay size particles yet less than 
a true clay. The same holds true for a sandy loam, etc. Some classes have two adjectives, such as a sandy clay loam. A 
loamy sand is a sand with a small amount of clay or silt. Thus, the loamy sand is coarser (more sandy) since it is a sand 
than a sandy loam which is a loam, although the loamy sand is not quite as sandy as a pure sand. Often the term coarse is 
used to describe sandy soils by laypeople. Fine textured or heavy textured are terms used to describe clayey soils. 
 
 
Why is Texture Important? 


The ability of a soil to hold water and supply that water to plant roots depends directly on soil texture. The same 
can be said about a soil’s ability to store and supply plant nutrients. Other properties related to soil texture include: water 
infiltration, soil erodibility, organic matter accumulation, soil porosity, root penetrability, and the populations of 
microbes in the soil (Table 1-1). All of the above affect the ability of plants to survive and flourish within a landscape. 
By knowing something about soil texture, we know a lot about overall conditions in the soil and how to manage it   .  
 
 
 


Soil Texture 
Water Holding 
Capacity 


Nutrient Holding 
Capacity 


Water Infiltration 
Rate 


Soil Drainage 
Rate 


Sands Low Low Very Rapid Very Rapid 


Sandy Loams Moderate Moderately Low Rapid Rapid 


Loams or Silt Loams High Moderate Moderate Moderate 


Clays or Clay Loams High High Slow Slow 


 
Table 1-1. Selected soil properties by soil texture classes. 
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Figure 1-3. USDA soil texture triangle for determination of soil texture classes. Follow the diagonal 
lines on the triangle that correspond to the percent sand, percent silt, and percent clay of your sample 
to the point where they intersect. Texture class can then be read directly from the triangle.  
 
 
 
Soil Texture Determination 
 


Soil texture can most accurately be determined by submitting a sample to a soil testing lab. Lab analysis will 
determine the exact percentages of sand, silt, and clay in your sample. Often this approach is not feasible or needed in 
horticulture. Rough estimates of soil texture, appropriate for most situations, can be made by hand texturing, a skill best 
developed by guided practice. In general, if a small amount of soil is wetted in your hand, sand will feel gritty, silt will 
feel smooth, and clay will make the soil sticky. 
 
         
Porosity - The Space Between Soil Particles 
 


Soil pores or the spaces between mineral grains make up approximately one half the volume of most soils. The 
pores provide a reservoir of both water and oxygen for plant roots. For soil water, the larger pores or macropores 
function primarily to transmit water. Smaller micropores function primarily to store water. As the soil drains, after a rain 
or following irrigation, the larger pores drain first while water remains in smaller pores. The soil, in this manner, 
provides both water and oxygen to plant roots. Further drying requires that water be removed from smaller and smaller 
pores. 
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A direct relationship exists between grain size of the fine-earth fraction and the distribution of pore sizes in the 
soil. Sandy soils have a high proportion of large pores that readily transmit water but retain very little water for plant 
uptake. Clay soils contain mainly micropores which can store an abundance of water for plant uptake but transmit water 
very slowly. Thus, a clayey site may remain too wet for working long after a sandy soil has dried out. Loams provide a 
happy medium as they are capable of storing abundant soil moisture for plant uptake, yet water will be readily 
transmitted through the soil. 
 


Table 1-2 provides some approximate guidelines for the amount of plant available water that can be stored in 
soils of different texture classes. Units are in inches of plant available water per inch of soil. These values can be readily 
converted to an equivalent depth of plant available water if multiplied by the soil or rooting zone depth. For example: 
You are working in a sandy loam soil that can store approximately 0.15 inches of plant available water per inch of soil 
depth. The plants you are putting in have an effective rooting depth of two feet. Approximately how much plant 
available water can this soil store within the desired rooting zone? 
 


0.15 inches of water/inch of soil x 24 inches of soil = 3.6 inches of plant available water 
 
This amount of water is important for several reasons. For plant species sensitive to water stress, it is wise not to 


let the plant deplete more than half of the plant available water, or 1.8 inches. During the height of the growing season, 
actively growing plants will use 1-2 inches of water per week, depending on the weather and the plant species. During 
cooler weather less than 1 inch of water per week. Thus, it is rarely necessary to irrigate more often than once per week, 
and irrigation amounts should be calculated so as not to exceed the available water holding capacity of the soil. 
 
 
 
Table 1-2. Approximate plant available water holding capacities of soils in inches of water per inch of 
soil for various soil texture classes. 
 


Texture Class 
Est. Plant Available Water 
Holding Capacity 


Sand 0.03 in./in. 


Loamy sand 0.08 in./in. 


Sandy loam 0.14 in./in. 


Loam 0.20 in./in. 


Silt loam 0.20 in./in. 


Clay loam 0.22 in./in. 


Clay 0.18 in./in. 


  * Adapted from 1984 USDA-NRCS technical guide of Plant Available Water Holding 
   Capacities for Soil Textural Classes in Montana. 
    
   
Rock Fragments and Bedrock 
 


Rock fragments in the soil include all mineral grains larger than 2 mm in diameter up to largest boulders. In 
general, rock fragments can be thought of as diluting the volume of soil available to supply water or nutrients. Our water 
holding example above assumed there were no rock fragments in the top two feet of soil. The same soil with 50 percent 
rock fragments would have a proportionately lower plant available water holding capacity of 1.8 inches of water in the 
top two feet. Many of our native plants, especially trees and shrubs, are adapted to having relatively high amounts of 
rock fragments in the soil. Rock fragments may help keep the soil loose for root growth and provides anchors in the soil 
that help roots support the plant. Of course, a soil that is nearly all rock fragments severely limits planting options. 
 


Shallow soils also limit the volume of soil available for water and nutrient storage, especially when the depth to 
bedrock or gravel is less than 20 inches. Planting recommendations in shallow soils will need to be adjusted accordingly, 
using shallow rooted species and/or species that are adapted to more droughty conditions than warranted by the local 
climate. Water and fertilizer application frequency and amounts need to be adjusted as well. 
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Soil Organic Matter 
 


An important component of soils that we have not mentioned yet is soil organic matter. Soil organic matter 
naturally accumulates in surface layers of soils, especially under grassland vegetation or in forests with lush grass 
understories. How much organic matter depends largely on local conditions. In general, the colder and wetter conditions 
are, the greater the accumulation of soil organic matter under grassland vegetation. Soils in semiarid portions of Montana 
and Idaho may have only one to two percent soil organic matter in surface layers. Grasslands in moist, high elevation, 
mountain meadows can have as much as 10 percent soil organic matter in surface layers. Wetlands in some of our 
mountain valleys have organic soil surfaces that are primarily (50%+) composed of accumulated organic material. The 
varied climates and landforms throughout Montana and Idaho result in a wide range of soil organic matter levels. A 
range of 1 to 5 percent soil organic matter in surface layers probably covers the majority of horticultural settings in our 
region. In general, high soil organic matter levels result in dark soil surface colors. Many landscaping soils have organic 
matter added in the form of compost. 
 
Benefits of Soil Organic Matter 
 


Increasing the soil organic matter content is nearly always good for plant and soil health. High organic matter 
levels in surface soil layers promote granular structure where individual soil particles become attached together into 
“granular” aggregates. This granular structure enhances water infiltration, soil aeration, root penetration, and microbial 
populations in the soil. In a word, high organic matter levels promote good soil tilth. Soil organic matter can improve the 
water holding capacity and fertility of sandy soils as well as water infiltration and aeration in clayey soils. Organic matter 
also provides a slow release of nutrients for plant use. 
 


A word or two of qualification needs to be added here with regard to soil organic matter. While organic matter 
can improve many properties of the soil, soil texture will still dictate a soil’s inherent capability. You can improve some 
of the basic qualities of a soil with soil organic matter but a loamy sand with high amounts of soil organic matter is still a 
loamy sand. Similarly, a clay with plenty of soil organic matter is still a clay. Some plant species are better off growing 
in soils with low levels of soil organic matter. Potatoes, for example, are more prone to disease problems if grown in 
soils high in organic matter. 
 
Litter, Mulch, and Soil Organic Matter 
 


A distinction needs to be made between organic litter on the soil surface or even mixed in the soil and soil 
organic matter. Soil organic matter refers to resistant organic compounds that remain in the soil after initial organic 
substrates have been partially decomposed by micro-organisms. Maintaining healthy microbial populations in the soil is 
essential for the accumulation of soil organic matter. Mulching and increasing soil organic matter are really two different 
tools of soil management. Plant litter left at the soil surface will break down only slowly to soil organic matter especially 
if allowed to dry out. 
 


Care should be taken when mixing organic substrates into a planting bed. If the material added is high in 
nitrogen, such as fresh grass clippings, there will be sufficient nitrogen available for both the needs of the microbial 
population that decomposes this material and the growing plants. If, however, the organic substrates added are low in 
nitrogen, such as wood chips or straw, then the nitrogen that is available will likely be taken up by micro-organisms 
responsible for the decomposition. This may create a nitrogen deficit for the plants. A secondary source of nitrogen 
should be added when low-nitrogen organic materials are incorporated into planting beds, so there will be sufficient 
nitrogen for microbes and plants. Most woody plants, trees and shrubs, are adapted to relatively low fertility levels in the 
soil. Potential problems due to tying up nitrogen with the addition of organic substrates will be less of a problem for 
these plants than for other plants with high nitrogen demands such as corn or bluegrass lawns. 
 
Cation Exchange Capacity 
 


Clay sized particles (clay minerals) and soil organic matter make up the chemically reactive portion of the soil. 
Each have a net negative charge associated with their surface that acts to attract and hold positively charged ions, called 
cations. Cation exchange capacity (CEC) refers to the soil's ability to hold these positively charged cations. Plant 
nutrients such as calcium (Ca+), magnesium (Mg2+), potassium (K+), ammonium (NH4


+) and many of the micronutrients 
are cations. Knowing the relative (high, medium, low) cation exchange capacity of a soil is important to horticulturists 
because it provides an index of the nutrient supplying ability of a soil. It also provides the basis for understanding why 
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certain chemicals such as negatively charged nitrates (NO3
-) and certain herbicides that lack a surface charge can be 


readily leached through the soil and potentially contaminate the groundwater below while others are immobile in the soil. 
 


Higher clay contents and higher soil organic matter levels translate into higher the cation exchange capacities in 
the soil. You can substitute "higher inherent fertility" for "higher cation exchange capacity" in the statement above. A 
sandy soil with little soil organic matter, will have very little capacity to hold positively charged nutrients. A clayey soil, 
especially if it contains a lot of soil organic matter, has a high capacity to hold positively charged nutrients. 
 


The misuse of chemicals in horticulture can pose a serious threat to local water quality. Horticulturists need to 
understand how the chemicals they are using will react in the soil. The alternative might be to face serious liability 
issues. If the chemical you are applying is mobile in the soil, such as nitrate fertilizer, you might consider using several 
light applications rather than a single large application. This gives the plants a chance to use up the fertilizer before it can 
be leached beyond the root zone. A single large application might overwhelm the plants ability to use the nitrate fast 
enough. Coarse, sandy soils or areas of shallow groundwater accentuate the problem to where in critical areas alternative 
chemicals or approaches might be needed.  
 
Soil pH  
 


Soil pH measures the relative concentration of hydrogen (H+) ions in the soil on a 1 to 14 negative log scale. A 
pH of 7.0 indicates neutral conditions where the concentrations of H+ and OH- ions are equal. Above a pH of 7.0 the 
concentration of OH- ions increases and the concentration of H+ ions decreases creating increasingly basic conditions. 
Since pH is a negative log scale, each one unit increase in pH indicates a 10-fold drop in hydrogen ion concentration. For 
example, the soil at a pH of 7.0 has 100 times the amount of H+ present than one at pH of 9.0. Below a pH of 7.0 the 
opposite effect occurs. As pH drops, the concentration OH- ions decreases, the concentration of H+ ions increases, and 
the soil becomes increasingly acidic. A one unit drop in pH reflects a ten-fold increase in the H+ ion concentration. The 
range of pH found in soils is approximately 4.0 to 8.5, with most plants thriving in soils of neutral to slightly acidic pH 
and doing fine in slightly basic soils common in Idaho and Montana.  
 
Why is pH Important? 
 


Various chemical reactions in the soil dictate the availability of plant nutrients. Chemical reactions also 
determine the rate at which waste products and contaminants are decomposed in the soil as well as their toxicity. Soil pH 
is perhaps the major factor mediating chemical reactions in the soil. Other factors, like soil moisture, oxygen 
concentrations, microbial populations, and temperature play important roles, but in many instances soil pH is the most 
important.  
 


Plant nutrients phosphorus and iron become increasing unavailable to plants under alkaline conditions above a 
pH of about 7.5. The same is true for many micronutrients like zinc (Zn++) and copper (Cu++). Acidic conditions also 
limit the availability of phosphorus, and other nutrients such as calcium (Ca++) and potassium (K+) become limited while 
certain micronutrients become so available that they begin to have toxic effects. Soil pH in the range of about 6.0 to 7.5 
is ideal for many horticultural plants. Given the wide range of soil pH in native plant communities, however, there are 
some species that are well adapted to acid or relatively high alkaline conditions in the soil. Species selection may be 
critical if you are working in an area where either acid or alkaline conditions prevail. Likewise, expensive manipulation 
of soil pH may be required to grow certain acid-loving plants like blueberries. 
 
Measuring Soil pH 
 


Many different soil pH field kits or field pH meters are available for sale at garden supply centers. Oftentimes, 
these methods can give questionable results. For the best results, have a sample of your soil tested at a soil testing 
laboratory. Be sure to follow the laboratory's instructions in collecting your sample(s). 
 
Calcium Carbonate (CaCO3) 
 


Most soils in arid and semi-arid areas of Montana and Idaho have accumulations of calcium carbonate at 
relatively shallow depths (less that 2 feet) in the soil. These will often appear as a white chalky substance in the soil. 
When tested with diluted hydrochloric acid, or even household vinegar, the CaCO3 will effervesce or bubble as CO2 gas 
is given off. The depth to accumulated calcium carbonate in the soils will tend to be shallower in the driest regions and 
carbonates may even occur at the soil surface in some locations. Calcium carbonate, or secondary lime as these 
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accumulations are called, provides a very strong buffer to soil pH. Soil with accumulations of secondary lime or a strong 
effervescence will nearly always have a pH around 8.2. Since this pH will be highly buffered by the presence of CaCO3, 
attempts to adjust the soil pH by standard methods will not be successful until the secondary lime has been decomposed, 
which is likely to be prohibitively expensive. 
 
Adjusting Soil pH 
 


Lime (CaCO3) is commonly added to agricultural soils in the eastern United States to raise soil pH. If you have 
problems with acid soils, the same approach will work equally well here in Montana and Idaho. Our pH problems tend to 
be related more to soil pH that is too high. There are several amendments that can be added to soils to adjust soil pH 
downward. They may be of value in some instances provided the area to be treated is relatively small. Elemental sulfur 
or iron sulfate are two possibilities. Elemental sulfur reacts slowly in the soil and should be incorporated from 6 months 
to a year before planting. Iron sulfate acts more quickly and can lower the soil pH within 2 or 3 weeks if sufficient 
moisture is present and provided accumulated CaCO3 is not present. Gypsum (calcium sulfate) is a neutral salt and will 
not alter soil pH, unless the soil is high in sodium (see details under sodic soils). Ammonium fertilizers have an 
acidifying effect and may be a good choice as a nitrogen fertilizer when soil pH is high. Elemental sulfur is by far the 
most effective product for reducing soil pH, but it does take some time to have an effect because it depends on microbial 
activity for the sulfur to be oxidized to sulfate. 
 


The presence of secondary calcium carbonate in many of our soils, especially near the surface, complicates the 
issue of lowering soil pH. Any acidifying material added to these soils has to neutralize the CaCO3 in the soil first before 
any substantial change is soil pH occurs. This requires substantially more amendment than for non-calcareous soils. In 
all but isolated instances, a much better approach would be to use plants adapted to local alkaline conditions so long as 
soil pH does not exceed about 8.2 to 8.4.  
 
Soluble Salts and Soil Salinity 
 


Selected soil properties are closely connected to climate. Soluble salts along with calcium carbonate are 
generally leached out of the soil in areas of Montana and Idaho that receive 20 inches or more of mean annual 
precipitation. Concentrations of soluble salts in soils remain low in these areas. Soil pH tends to be in the 5.5 to 7.0 
range. In drier areas, calcium carbonate tends to remain in the soil causing the soil pH to fall more in the 7.0 to 8.5 range. 
Soluble salt concentrations may still be quite low. Under drier conditions yet, or restricted soil drainage, or saline parent 
materials, more soluble salts remain in the soil. 
 


Standard table salt (NaCl) is one example of a soluble salt although many other types of soluble salts occur 
along with NaCl in saline soils. As total salt concentrations build up in the soil, it becomes increasingly difficult for 
plants to extract available water from the soils even though there may be plenty of waterpresent. This is due to the 
osmotic potential of the soluble salts that must be overcome by a plant before it can extract water from the soil. Soil 
salinity refers to the build-up of soluble salts in the soil and the difficulty plants have extracting that water. 
 
Sodic Soils 
 


Sodic soil conditions refers to the build-up of one particular type of salt in the soil; sodium. While related to 
other salinity problems, sodic soils present a unique challenge because the high sodium concentrations cause the soil at 
or near the surface to disperse all structure, resulting in sealing, crusting, and the restriction of the infiltration of water 
and air into the soil. The problem is not that plants have a hard time extracting water but that water cannot get into the 
soil. High pH's above 8.5 are most often associated with sodic conditions. In fact, soil pH  above 8.5 should be 
considered diagnostic for potential sodic problems in the soil. Difficulties with sodic conditions and limited water 
infiltration primarily occur in fine textured, clayey soils but may occur in lighter textured soils as well.  
 
Remediation 
 


The first line of defense in dealing with moderate salinity or sodicity problems in the soil is to select adapted 
species for existing conditions. Gypsum (CaSO4) can be incorporated into the surface of sodic soils. Calcium from the 
gypsum replaces sodium on the soil exchange sites, allowing the sodium to be leached away, improving the physical 
condition of the soil as well as lowering soil pH. Complete remediation of either sodic or saline soils requires the 
installation of a drainage system in the soil and flushing excess water (with or without gypsum) through the soil to leach 
salts below the root zone. Severe conditions may cause soils to be unsuited for horticultural use.  
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Soil Drainage 
 


Soil drainage refers to the ability of water to leave the soil through internal drainage. Most soils are well 
drained. They store water for plant use but do not remain saturated for any appreciable period. Soils with restricted 
drainage generally have a groundwater table at shallow depths. Three classes of restricted soil drainage are as follows: 


 
1. Very poorly drained: persistent high water table occurs within 12 inches of the soil surface. 
2. Poorly drained: persistent high water table occurs 12 to 24 inches below the soil surface. 
3. Somewhat poorly drained: persistent high water table occurs 24 to 42 inches below the soil surface. 


 
Very poorly and poorly drained soils are most often associated with wetlands. Hopefully, there will be few 


instances where you will be landscaping in these areas. This may be the one case where soil texture has little 
significance. Plant species selections are limited to wetland species, especially on very poorly drained sites and draining 
wetland areas requires obtaining permits. Extreme care must be taken in using any type of fertilizers or herbicides due to 
the high likelihood of contaminating groundwater. 
 


Somewhat poorly drained soils are restrictive for basements or septic systems but may offer excellent 
opportunities for landscaping due to the ready source of extra water in the soil. Certain horticultural plants will still be 
restricted by the shallow groundwater. There are many other species that can be used in these areas because of the extra 
water. Special care must still be taken to avoid contaminating groundwater with fertilizers or herbicides.  
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Chapter Review 
 
A. Name at least four functions the soil serves in landscapes. 
 


1. _______________________________________ 2. ___________________________________ 
 


3. _______________________________________ 4. ___________________________________ 
 
B. Name five components that make up soil.    1. ______________________________________ 
 


2. ___________________________________  3. ______________________________________ 
 


4. ____________________________________ 5. _______________________________________ 
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C. Define soil texture? _______________________________________________________________ 
 
 
D. Why is soil texture important?_______________________________________________________   
 


_________________________________________________________________________________ 
 
E. A soil has 30% clay, 40% sand, and 30% silt. 
 


1. What texture class is it in? _______________________________________________________ 
 
 


F. Why is it important for horticulturists to understand significant differences between soils?  
 


________________________________________________________________________________ 
 
__________________________________________________________________________________ 


 
 
G. Soils form over time in response to differences in ______________________________,  
 


__________________________, _________________________, _____________________________. 
 
 
H. Describe the different roles of micropores and macropores in the soil with respect to water and oxygen.  
 


___________________________________________________________________________________ 
 


___________________________________________________________________________________ 
 
I. List four benefits of soil organic matter in soils. 
 


1. _______________________________________ 2. ______________________________________ 
 


3. _______________________________________ 4. ______________________________________ 
 
 
 
J. What is the difference between soil organic matter and surface litter? ________________________  
 


____________________________________________________________________________________ 
 
K. How is cation exchange capacity related the leaching of nutrients or horticultural chemicals in the soil?  
 
 ____________________________________________________________________________________ 
 
 
L. What role does soil pH play in nutrient availability? _________________________________________ 
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 VEGETABLE and HERB GARDENING 
 
 Adapted from the Minnesota Nursery and Landscape Association 
 Manual for Certified Nursery and Landscape Professionals 


Original Author:  Debby Newman 
          Revised by the Montana Nursery and Landscape Association 2002 


Bob Gough, Nick Engler, Mary Keck, Jennifer Weiss 
  
 
 


Vegetable gardening is a major interest and hobby of the American people.  Vegetable gardens should be 
fun, environmentally safe, and provide fresh produce for the family.  Certified nursery and plant professionals are 
expected to know, recognize, and understand the cultural requirements of vegetables and herbs. 
 
 


Site Selection 
 
The land for a vegetable garden should be fairly level, well drained, and should not have low areas where 


water might stand.  In windy regions, gardens should be protected by shelterbelts or buildings, but should not be 
shaded.  Vegetables should receive a minimum of six hours of direct sunlight per day.  Trees and shrubs decrease 
sunlight and compete with vegetables for water and minerals.  However, when space is limited, some vegetables can 
be incorporated into landscape plantings or can be grown in containers. 
 


 
Vegetable Selection 


 
When selecting vegetables for the garden, consider the likes and dislikes of the client's family and include 


vegetables with different maturation dates.  Disease-resistant cultivars usually make the gardening task easier and 
should be used whenever possible.  The Cooperative Extension System is a good resource for information on new 
and disease resistant varieties.  In addition, "All-America winners" generally perform well and can be used in most 
parts of the country.  Cool season crops are those generally tolerant of frost. They are listed in Table 16-1 under 
early and mid spring selections. Warm season crops are those generally damaged by frost and are listed under late 
spring selections. Long season versus short season crops depends on the number of days required for the plant to 
mature. Many warm season crops are also long season crops. 
 


 
Herb Selection  
 
 Many herbs are easy and fun to grow. Some are perennial and spread easily such as mint and oregano. Others are 
annual and frost tender such as basil. Herbs are well suited for growing in containers or in the garden.  Herbs can be 
started from seeds or purchased as plants. They thrive with minimal fertilization and less water than most 
vegetables. Almost all herbs prefer full sun. Herbs for culinary use should be pinched back to keep them from 
flowering, as the flavor decreases once the plant matures. Many herbs have ornamental value and can be interplanted 
with perennials. A few good herb books are listed in the reference section at the end of this chapter.   


 
 
Garden Layout 
 


Encourage prospective gardeners to put their garden plan on paper.  The plan should be drawn to an 
appropriate scale showing the size of the garden, spacing between rows, species and cultivars to be planted, date of 
planting, length of row for each crop, spacing of transplants in the row, succession plantings, and specific 
arrangement of crops.  Plans should be kept on file for 2 or 3 years to serve as references of how various crops did in 
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particular locations, and to assist in garden planning and crop rotation.  Disease and pest control is improved by 
rotating the locations of crops from year to year.  For instance, tomatoes should not be planted where tomatoes or 
related crops, such as potatoes, grew the previous year.  Rotation can be difficult in small gardens due to space 
limitations. 
 


Once a plan is drawn, the physical work can begin.  Using stakes and string, lay out rows or blocks.  If 
power equipment, such as a rototiller, is used, reduce the amount of turning necessary by making long rows.  Short 
rows are less monotonous, and work well if cultivation is to be done by hand.  On a slope, rows should run along the 
contour or across the slope to reduce erosion.  Crops should be arranged so that tall plants, such as sweet corn and 
pole beans, don't shade small plants.  Tall plants should be grown on the northern side of the garden.  Crops should 
also be grouped according to the time they mature to facilitate succession plantings, rotation, or planting of green 
manure crops after harvesting the early crop. 
 


Perennial plants, such as asparagus, rhubarb, and small fruits, should be placed together on one side of the 
garden where they won't interfere with garden preparation.  Melons, squash, cucumbers, and other vine crops can 
also be planted along one side to allow them to spread into surrounding open areas.  Finally, sweet corn should be 
placed in several short rows as a block to facilitate pollination, rather than in long single rows. 


 
 
Cultural Practices 
 
Soil and Fertilization 
 


Garden soil should be worked when it has moderate soil moisture content.  Under ideal conditions, the soil 
will crumble and break into fine particles in your hand.  Soil that is too dry is hard to break up and tends to become 
powdery when worked too much.  Working soil that is too wet destroys soil structure and results in compaction.  
Soil can be worked in the fall or spring, and should be raked immediately following tilling or spading. 
 


Although rich, sandy loam soils are best for vegetable gardens, heavy or sandy soils can be used when 
amended with liberal applications of organic matter each year.  Soil structure can be improved by working in four to 
six inches of peat moss, well-rotted manure, or compost and a few inches of sand.  This loosens compacted soil, 
helps maintain moisture and nutrients, and enhances root development. 
 


If the soil is very heavy or otherwise poorly drained, raised beds 6 to 12 inches high make excellent 
vegetable gardens.  The beds can be formed from well-drained topsoil or you can make a potting mix using peat 
moss, ground bark, sawdust, compost, sand, or manure.  The beds can simply be raised mounds of soil or may be 
enclosed with wood, concrete blocks, stones, or other material.  Avoid using landscape timbers as they usually have 
been treated with creosote or other toxic preservatives.  Sloping the beds gently (5-10%) to the south is also 
beneficial. 
 


Vegetables do best on neutral to slightly acid soils that contain plenty of readily available nutrients.  
Nutrients can be supplied through applications of compost or rotted manure. These organic fertilizers are generally 
lower in nutrient content than commercial fertilizers. They often release nutrients over a longer period of time as 
well as raising the organic matter content of the soil. Composts and manures carry the risk of weed seed 
introduction. Commercial fertilizers can also be used and they provide a more accurate application of specific 
nutrients without the potential of significantly increasing soluble salts.  Almost any complete garden fertilizer is 
suitable for the vegetable garden.  One to two pounds actual nitrogen of a complete garden fertilizer (10-10-10) per 
1,000 square feet can be worked into the soil before planting.  It should be worked to a depth of four to six inches 
with a rototiller. Commercial fertilizer can also be applied during the growing season as a side dressing for example, 
when corn plants are ten inches tall, tomato fruits are golf-ball size, and vine crops start to run.  Side-dressed 
fertilizers should be lightly worked into the soil on both sides of the vegetable rows.  Side dressing is especially 
good where intensive gardening is practiced and when succession or fall crops follow early season crops.  Nutrients 
removed from the soil by a previous crop need to be replenished before sowing a succession crop. 
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Seeds and Seeding 
 
Some gardeners save seeds from their gardens to use in future years.  Many heirloom varieties have been preserved 
this way.  While seed saving works well for some crops, such as beans, a gardener may have problems getting true-
to-type varieties with crops that cross-pollinate, including corn, cucumbers, melons, pumpkins, squash, onions, 
spinach, radishes, beets, turnips and cabbage. To avoid cross-pollination, isolate the crop from other varieties or only 
grow one variety of a particular vegetable that you wish to save seed from.  Hand pollination and bagging also 
prevent cross-pollination.  Collect seeds from plants that show the best characteristics for that variety.  Seeds 
collected from hybrid varieties of any vegetable will not produce a true-to-type variety.  Label seeds as to variety 
and year collected. Store seeds in a cool dark place. Seeds to be saved for the following year may be treated with a 
fungicide to help check seedling diseases such as damping off.  This will in turn also produce more uniform 
plantings.  Many commercial seeds are treated prior to purchase.  Most seeds remain viable for a few years, if stored 
correctly. Old seed can be tested for germination by sprouting a few seeds on a damp paper towel in a plastic bag. 
 


It's very difficult to sow small seeds uniformly enough to permit all plants to develop well.  Surplus plants 
compete and should be removed.  When the soil is moist, surplus plants can be removed easily without injuring the 
remaining plants.  Early thinning is especially important in root crops such as beets, carrots, parsnips, rutabagas, and 
turnips.  The tops of surplus beets, lettuce, chard, parsley, and turnips make fine greens for the table.  After thinning, 
water to settle the soil back around the remaining plants’ roots. 
 


Some tender vegetable crops can be seeded or planted individually earlier in the season by using hot caps 
or wall-o-waters.  Place hot caps over the soil one week before seeding to warm the soil and help the seeds 
germinate more quickly.  Using hot caps allows seeding and transplanting a week or two earlier then the normal 
frost-free date.  Remove the hot caps after the plants have emerged. Wall-o-water protectors can stay on until late 
spring.  For many warm season crops, such as melons, plastic film can be placed on the soil around the plant to 
increase soil temperatures.  Clear plastics are most effective in raising soil temperatures. Black plastics do not 
significantly raise the soil temperature but control weeds better. Floating row covers and frost fabric also help 
protect vegetable plants grown in early spring.  Where the growing season is long enough, many vegetable crops 
may be planted at biweekly intervals during the early summer to extend the harvest period.  Two plantings of corn 
and snap beans can be made in one season.  Carrots and beets for winter storage may be sown in late June. 
 


All crops have optimum temperature ranges for seed germination, growth, and maturation.  The time 
required for maturation also varies tremendously, from as little as a few weeks for radishes to four months or more 
for some vine crops.  For these reasons, proper timing is critical when planting and transplanting.   Planting charts 
are available from local cooperative extension service offices, and are often included in vegetable gardening books. 
These charts include information on recommended seeding dates, spacing, seeding rates, and growing season 
requirements.  See Table 16-2 for an example of a planting chart. 
 


Warm season crops such as tomatoes, peppers, eggplant, and celery need a long, hot growing season and 
will not mature if seeded directly into the soil.  Transplants of these crops provide the best results.  Cool season 
crops, such as head lettuce, cabbage, cauliflower, and broccoli must mature before hot summer weather arrives to 
reduce bolting and maintain quality.  Cool season crops can also be sown in late June so they will mature during 
cool fall weather.  These later crops usually have a higher quality than the same plants maturing in summer.  Proper 
timing of planting is difficult in Montana and Idaho where spring is often short and contracted, and fall comes early.  
The following table applies to a protracted spring and fall, and areas with a long growing season. 
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Seeds are commonly planted two times as deep as their diameter.  Plant seeds slightly deeper in light, sandy 


soil and not as deep in heavy soil.  Planting too early, in too-wet soil, and at too great a depth, often causes seed loss 
and poor germination. 
 


To facilitate good germination of late-planted seeds, lightly mulch the rows with finely chopped straw, 
dried grass clippings, or old potting mix.  A light mulch helps keep the soil moist and prevents crusting.  Organic 
mulches improve the organic content of soil.  Make sure that your mulch is free of weed seeds.  Light shading is also 
beneficial when seeding late. 
 
Transplants 
 


Vegetable transplants are often used with warm-season or long-season crops, such as tomatoes and peppers, 
which will not ripen if seeded directly into the garden.  They are also used to produce early harvests from other 
crops, including broccoli and cabbage.  While some gardeners grow their own transplants in greenhouses, cold 
frames, or kitchen windows, vegetable transplants are a popular item in retail nurseries.  Table 16-1 lists crops that 
respond well to transplanting and when to set out. 
 


Commercial vegetable transplants are commonly grown in cell packs, solid packs, or large containers.  If a 
cell is tightly root-bound, the root ball should be opened slightly when planting.  Transplants should be vigorous but 
not overgrown. 
 


Transplanting is best done in the late afternoon or on a cool, cloudy day.  The plants should be watered well 
before planting. When transplanting vegetables, make a hole large enough to easily accommodate the root ball of the 
plants.  Soil should then be back-filled and firmed around the roots, and the plant watered in with a starter fertilizer 
solution.  Shade new transplants for a few days if the weather is hot and sunny.  New transplants may need water 
every day for the first week. Long, spindly, tomato plants can be planted in trenches about four inches deep, leaving 
only the top six inches of the plant exposed.  Remove leaves from the portions of the stems that will be buried.  The 
practice of deep planting only applies to tomatoes, however.  Other vegetables planted deeper than they grew in the 
pot are subject to stem and crown rot. 
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Watering 
 


You can produce more and better quality vegetables by following proper irrigation guidelines.  Avoid high 
volume water applications that run off.  For most applications, apply just enough moisture each time to penetrate to 
the rooting zone depth of the crop. Amounts will vary depending on soil type, but a good rule of thumb is one to two 
inches of water per week. Place a shallow pan out to measure how long you need to water to apply the desired 
amount. Infrequent deep watering is better than shallow frequent watering unless the soil is very sandy.  Several 
times each season irrigate heavily to leach excess salts out of the root zone. 
 


Allow the soil surface to dry slightly between irrigations, but avoid alternating between excessively dry and 
excessively wet conditions.  Irregular soil moisture can cause troubles such as blossom end rot of tomatoes.  Check 
the soil by probing with a stick.  The soil should be moist and crumbly below the surface. 
 


Warm, windy conditions cause high evaporative loss of irrigation water.  Whenever possible irrigate during 
cool, windless conditions.  The best practice when using sprinkler irrigation is to water early in the morning to allow 
the fruit, foliage, and flowers to dry quickly thereby reducing pest and disease problems.  Drip irrigation systems can 
be more expensive than sprinklers but are much more efficient in terms of water use.  They can also help to reduce 
disease problems by keeping water off the leaves. 
 
Weeding 
 


Weeds rob crop plants of nutrients and moisture, as well as furnishing hiding places for pests. One main 
reason for lack of gardening success is the failure to get the first weeding job done when plants are small. The 
average home gardener should forget about chemical vegetable garden weed controls and return to the basics. 


 
Hoes are cutting tools that should be used to slice off weeds at or slightly below the soil surface.  Keep hoe 


blades sharp.  Action or scuffle hoes that are used with a back-and-forth sliding motion have become popular and 
work well on moist, light soils. Rototilling or mulching between rows also helps keep weeds down. Weeding a day 
or so after a rain or irrigating greatly eases the task when compared to weeding hard, dry soil.  
 


Cover crops or green manure crops can also be grown between the rows in larger gardens to serve the dual 
purpose of weed control and soil improvement. Cover crops are typically a nitrogen-fixing legume that is grown 
between crops or in a fallow portion of the garden and then tilled under to add organic matter and nutrients to the 
soil, as well as to reduce erosion. 
 
Pest Control 
 


The most important step in garden pest control is to catch problems when they first begin by frequent and 
thorough scouting.  Make a quick survey of the garden every few days.  Common pests include slugs, aphids, 
cabbageworms, various beetles, cutworms, cabbage looper, onion maggot, corn earworm, and leafhoppers.  
Effective gardeners soon learn to distinguish beneficial insects and mites from pests.  Pest control programs should 
be designed to keep pest populations manageable while impacting beneficial organisms as little as possible. See 
chapter 6 for information on Integrated Pest Management. 
 


Pesticide registrations and labels change frequently so no attempt will be made here to recommend specific 
products.  State Cooperative Extension Offices can supply up-to-date information on recommended pesticides.  
Always caution customers to follow label directions. 
 
Disease Control 
 


The best disease control practice is to select vegetable varieties that are resistant to the diseases in your 
area.  Another important practice, especially for root diseases, is crop rotation.  To reduce foliage and fruit diseases, 
avoid irrigating in the late afternoon or evening to prevent the foliage and fruit surfaces from remaining wet for long 
periods of time.  Space plants far enough apart to provide good air circulation and light penetration. Trellis or stake 
tomatoes, peas, pole beans, cucumbers, and other vine crops to improve air circulation and light penetration.  Except 
for shade-tolerant or shade-loving crops, locate the garden where it will not be shaded by trees or buildings. 
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Recommendations for chemical disease control are also available from State Cooperative Extension 
Offices.  Always follow pesticide labels carefully. 
 
Harvesting 
 


Many crops should be picked early in the day for best quality.  Timely picking forces many crops such as 
beans to continue to set flowers and fruit by diverting energy away from seed development. Many crops are 
damaged by excessive moisture as they approach ripeness, such as splitting tomatoes or cracking in cabbage heads.  
Consult a good reference book for specifics on harvesting all the different types of vegetables. Several are listed at 
the end of this chapter. 
 


Curing is used with some crops, such as dried beans, onion, herbs or garlic that will be stored for extended 
periods of time.  Examples of curing include exposing pumpkins and squash to the sun after picking to harden the 
rinds.  Garlic should be dried and hung in a well-ventilated storage room. 
 


Optimum storage conditions vary according to the type of vegetable.  Except for dried and frozen 
vegetables, however, most vegetables store best under cool temperatures and high relative humidity that  keeps them 
from shriveling.  Free moisture should never be present because it leads to rot problems. 


 
Intensive Gardening 
 


When space is limited, intensive vegetable gardening can increase the efficiency of a small garden space.  
Intensive gardening practices include: 
 
Succession planting 
 


This involves planting a quick maturing crop, such as lettuce, followed by a crop that will mature in cool 
weather, such as cabbage, in the same area.  Succession planting only works in areas with longer growing seasons. 
 
Intercropping 
 


Intercropping is the technique of planting or seeding quick-maturing crops that require narrow spacing 
(peas, spinach, radish) between rows of longer-term crops that require wide spacing (melons or cucumbers).  
Another method of intercropping, known as nurse cropping, grows an early-maturing crop such as radishes (thinly) 
in the same row as a late-maturing slow-generating crop such as carrots or parsnips.  This will aid seedling 
emergence and will make early cultivation easier. 
 
Staking or Trellises 
 


Supports are recommended for tomatoes, pole beans, peas, and light vine crops such as cucumbers. 
Trellising and staking allows for vertical growth and reduces the horizontal space required.  Damage from slugs and 
rot is also reduced when plants are off the ground. 
 
Container Gardening 
 


Patio tomatoes, bush cucumbers, lettuce and various herbs can be successfully grown in containers.  Deep 
containers with several drain holes and well-aerated soil is recommended.  Potting soils based on bark, peat, or 
compost should be used for container gardening.  Regular garden soil or topsoil does not work well in containers, 
creating a hard, poorly drained material that is difficult to water.  Containers require strict cultural practices because 
of the need for frequent watering and proper fertilization of the plants.  Containers can also heat up in bright sun 
causing root damage to the plants.  Many vegetable varieties that have been especially bred for container growing 
are now available. 
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Chapter Review 
 
A. List several examples of each of the following: 
 


Cool-Season Crops ____________________________________________________________________ 
 


Warm-Season Crops____________________________________________________________________ 
 
 
B. When can garden soil be safely worked in the spring?  Why is this important?____________________________ 
 
_____________________________________________________________________________________________ 
 
 
C. Make two recommendations that will allow a new gardener to grow vegetables on a site with extremely heavy 
clay soil. 
 


1.  ___________________________________________________________________________________ 
 


2.  ___________________________________________________________________________________ 
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D. How would you fertilize a new garden using commercial fertilizer ___________________________________ 
 


_____________________________________________________________________________________ 
 
 
E. What are the two main problems with saving seed for a future vegetable garden? 
 


_____________________________________________________________________________________ 
 


 
 
F. Explain how the gardening season can be extended using: 
 


Hot Caps _____________________________________________________________________________ 
 


Transplants___________________________________________________________________________ 
 
 
G. What is intercropping and where is it most successfully used?                                                   
 
 
 
H. What are some general guidelines for watering a vegetable garden.  


 
_____________________________________________________________________________________ 


 
_____________________________________________________________________________________ 


 
 
I. Briefly describe several cultural practices that can help to reduce disease problems.   


 
1. ___________________________________________________________________________________ 
 
2. _________________________________________________________________________________ 


 
3. ___________________________________________________________________________________ 


 
 


 
 








D-16 


Montana Nursery & Landscape Association, Inc. 
PO Box 1366 • Bigfork, MT 59911-1366 
888.220.1569 • 406.755.3079 local • 406.755.3072 fax • www.plantingmontana.com 
 


 
Drought Tolerant Plants for the Montana Landscape 
produced by the MNLA Education Committee 
 
Approved by the MNLA Executive Committee April 13, 2007 
Supplement to the MNLA Certification manual as of April 13, 2007 
 
The characteristic of drought tolerance is one that is subject to a variety of factors.  Average 
annual precipitation, soil type, snow cover (or the lack there of), and proper establishment will 
all impact a plants ability to survive periods of drought.  The following is a list of plants that are 
generally suitable for use in water conserving landscapes in Montana. Species with invasive 
potential have been noted and referenced. They should be used with caution. This list is intended 
as a general guide. The species listed cover a range of drought tolerance. They are not rated as to 
their individual water requirements. More information as to specific preferences of each species 
can be found in the references listed. The right plant in the right place greatly increases survival. 
Plants may drop off the list or new species will be added as they are tried and found hardy. There 
are often multiple varieties and cultivars of a particular species that are relatively equal in 
drought tolerance to the species. The list is intended to include these cultivars unless otherwise 
specified. 
 
Trees 
Latin name   Common Name   Mature Height   Zone  
Acer ginnala    Amur Maple       15-20’  3  
Acer negundo   Boxelder Maple      30’  3 
Acer platanoides  Norway Maple    50-60’  4 
        * Listed as a noxious weed in Ravalli County. See #1 below. 
Acer tataricum   Tatarian Maple    20-25’  3 
Aesculus glabra   Ohio Buckeye    20-40’  3 
 
Catalpa speciosa  Northern Catalpa   50-60’  4 
Celtis occidentalis  Common Hackberry   50-75’  2 
Crataegus x mordenensis Toba Hawthorn    12-15’  3 
Crataegus douglasii  Douglas Hawthorn   8-20’  3  
 
Elaeagnus angustifolia  Russian Olive    20’  2 


*listed as a noxious weed in several western states, high invasive potential. See #2 below. 
Fraxinus pennsylvanica   Green Ash    50-60’  2-4 
  
Gleditsia triacanthos inermis    Thornless Honeylocust    35-45’  3-4 
 
Juglans nigra   Black Walnut    80’+  4 
Juglans cinerea   Butternut    40-60’  3 
Juniperus scopulorum  Rocky Mountain Juniper  20’+  3 
Juniperus virginiana  Eastern Redcedar   30’  3 
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Maackii amurensis  Amur Maackia    18-20’  3 
 ‘Summertime’ 
Malus ‘Dolgo’   Dolgo Crab    35-40’  2 
Malus baccata   Siberian crabapple   30’  2 
 
Picea glauca densata  Black Hills Spruce   35-45’  2 
Pinus aristata   Bristlecone Pine   20’  4 
Pinus contorta v. latifolia Lodgepole Pine    60’  4 
Pinus edulis   Pinyon Pine    10-20’  3 
Pinus flexilis   Limber Pine    40-60’  4 
Pinus nigra   Austrian Pine    50’  4 
Pinus ponderosa  Ponderosa Pine    80’  3 
Pinus sylvestris   Scotch Pine    60’  3 
Populus alba   Silver Poplar    80’  3 
Prunus manscuriana  Manchurian Apricot   15’-20’  3 
Prunus americana  American Plum    15-20  3 
Prunus maackii   Amur Chokecherry   20-30’  2 
Prunus virginiana  Common Chokecherry   20-25’  2  
 ‘Shubert’  Canada Red Cherry   20-25’  2 
Pyrus spp.   Ure Pear    25’  3 
Pyrus ussuriensis ‘Mordak’    Prairie Gem Pear   18-25’  3 
 
Quercus alba   White Oak    60-80’  3 
Quercus macrocarpa  Bur Oak    60-80’  3 
Quercus gambelii  Gambel or Scrub Oak   6-30’  3 
 
Robinia pseudoacacia  Black Locust    50’  3 
 *invasive in many locations, ex: the Clearwater River - Idaho. See #3 below  
  
Syringa reticulata  Japanese Tree Lilac   25’  3 
 
Tilia cordata    Littleleaf Linden   35-45’  4 
 
Ulmus ‘Brandon’  Brandon Elm    50’  3 
Ulmus ‘Homestead’  Homestead Elm    60’  4 
Ulmus ‘Morton Plainsman’  Vanguard Elm    40-50’  3 
Ulmus davidiana var. japonica  Discovery Elm    35-40’  3 
Ulmus pumila   Siberian Elm    40-50’  4 
 * invasive in many locations. See #4 below 
 
Shrubs 
 
Acer ginnala    Amur Maple    15-20’  3 
Acer glabrum   Rocky Mountain Maple      8-15’  4 
Amelanchier alnifolia  Saskatoon Serviceberry   4-6’  2  
Arctostapyhlos uva-ursi  Kinnikinnick    2-8”  2 
Aronia melanocarpa   Glossy Black Chokeberry            4-6’  3 
Artemesia cana   Silver Sagebrush   3-4’  3 
Artemesia frigida  Fringed Sage    1-2’  3 
Artemesia tridentata  Mountain Big Sagebrush   3-6’  3 
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Atriplex canescens  Four-wing Saltbrush   6’  4 
 
Berberis thunbergii  Japanese Barberry   2’  4 
  
Caragana arborescens       Siberian Peashrub   12-15’  2 
 ‘Pendula’ ‘Walker’  Weeping Caragana   5’  2 
Caragana frutex   Russian Caragana   8’  2 
 ‘Globosa’  Globe Caragana    2-3’  2 
Caragana pygmaea  Pygmy Caragana     3’  3 
Caryopteris x clandonensis Blue Mist Spirea   3’  5  
Ceanothus velutinous  Snowbrush    2-5’  3 
Cercocarpus ledifolius     Curl-leaf Mtn. Mahogany  8-15’  4 
Cercocarpus montanus  Mountain Mahogany   5-10’  3 
Chrysothamnus nauseosus Rubber Rabbitbrush   4’  3 
Chrysothamnus viscidiflorus Green Rabbitbrush   2-3’  3 
Cotinus coggyria  Smokebush    8-10’  4 
Cotoneaster adpressus  Spreading Cotoneaster   2’  4 
Cotoneaster lucidus  Hedge Cotoneaster   8-10’  2 
 
Diervilla lonicera  Dwarf Bush Honeysuckle   4’  3 
Diervilla sessilifolia      ‘Butterfly’ Dwarf. Honeysuckle   3-5’  4 
 
Elaeagnus commutata  Silverberry    6’  3-4 
Euonymus fortunei  Wintercreeper    1’  5 
Euonymus alatus  Winged Burning Bush   10’  3 
 
Forsythia ‘Meadowlark’  Meadowlark Forsythia   8’  3 
 
Genista lydia   Broom, Woadwaxen   12-18”  6 
Genista pilosa   Broom, Woadwaxen   2-3’  3 
Genista tinctoria  Royal Gold Woadwaxen  1-2’  4  
 
Hippophae rhamnoides  Sea Buckthorn    10-25’  4 
 
Juniperus chinensis  Chinese Juniper    varies  3-4 
Juniperus communis  Common Juniper   3-5’  3-4 
Juniperus horizontalis     Creeping Juniper   1’  3-4 
Juniperus sabina  Savin Juniper    1-3’  3-4  
 
Krascheninnikovia lanata Winterfat    2-3’  3 
 
Lonicera tatarica  Tartarian Honeysuckle    6-8’  3  
Lonicera xylosteum  Dwarf Honeysuckle   3-6’  3-4  
Lonicera xylosteoides   ‘MiniGlobe’ Honeysuckle  3-4’  3 
 
Mahonia repens   Creeping Oregon Grape   1’  4 
 
Philadelphus lewisii  Mockorange, Syringa   4-5’  3 
Physocarpus opulifolius  Eastern Ninebark   4-8’  2-3 
Physocarpus malvaceus  Ninebark    3-5’  3 
Potentilla fruticosa  Potentilla/Cinquefoil   2-3’  2 
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Prunus besseyi   Western Sandcherry   5-6’  3  
Prunus tomentosa  Nanking Cherry    8-10’  2 
Purshia tridentata  Antelope Bitterbrush   2-3’  4 
 
Rhamnus frangula  Buckthorn    5-7’  2 
Rhus aromatica   Fragrant Sumac    3’  3 
Rhus glabra   Smooth Sumac    10’  3 
 ‘Laciniata’  Cutleaf Smooth Sumac   8’  3 
Rhus typhina   Staghorn Sumac   10’  3 
 ‘Laciniata’  Cutleaf Staghorn Sumac   8’  3 
Rhus trilobata   Trilobe, Skunkbrush Sumac  3-6’  3 
Ribes alpinum   Alpine Currant    3-5’  2  
Ribes aureum   Golden Currant    6’  2 
Ribes cereum   Wax Currant    3’  3 
Ribes inerme   Gooseberry    3-4’  4 
Rosa glauca   Redleaf Rose    5-6’  2 
Rosa rugosa   Rugosa Rose    4-6’  2 
Rosa woodsii   Woods Rose    3-6’  4 
Rosa ‘Harrison’s Yellow’  Shrub Rose    6’  3 
 
Shepherdia argentea  Silver Buffaloberry   8-12’  2 
Shepherdia canadensis  Russet Buffaloberry   3-13’  2 
Sorbaria sorbifolia  Ash Leaf Spirea    6’  2 
Symphoricarpos albus  Snowberry    5-6’  3 
Syringa vulgaris  Common Lilac    12-15’  2 
Syringa vulgaris ‘Hybrids’ French Lilac    8-12’  3 
 
Tetradymia canescens  Horsebrush    2’  2 
 
Viburnum lantana  Wayfaringbush    6-10’  3 
Viburnum lentago   Nannyberry Viburnum   20’  2 
 
 
References:  
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Dirr, Michael.  Manual of Woody Landscape Plants: Their Identification, Ornamental Characteristics, 
Culture, Propagation and Uses.  5th Edition. Champaign, IL: Stipes Publishing. 1998. 
 
Dirr, Michael.  Dirr’s Hardy Trees and Shrubs. An Illustrated Encyclopedia. Portland, OR: Timber Press, 
1997.  
 
Evans, George E. and Alan C. Epps. Choosing Trees and Shrubs for Montana Landscapes.  Bozeman, 
MT: Montana State University Ext. Service EB 123, 1999.   
 
Knopf, Jim. The Xeriscape Flower Gardener - A Waterwise Guide for the Rocky Mountain Region.  
Boulder, CO: Johnson Publishing Company, 1991. 
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Montana Native Plant Society, Valley of Flowers Chapter. Landscaping with Native Plants of South 
Central Montana.1st Edition. 2005 
    
Springer, Lauren. The Undaunted Garden. Golden, CO: Fulcrum Publishing, 1994. 
 
 
 
Invasive References: 
 
#1 Norway Maple:  http://plants.usda.gov/java/profile?symbol=ACPL,      
   http://www.invasive.org/browse/subject.cfm?sub=3002  
 
#2 Russian Olive:   http://www.nps.gov/plants/alien/fact/elan1.htm,        
             http://www.usna.usda.gov/Gardens/invasives.html 
 
Katz, Gabrielle L. and Shafroth, Patrick. Biology, Ecology, and Management of Eleagnus angustifolia 
(RussianOlive) in Western North America. Wetlands, Vol.23, No.4, pp763-777, Soc. of Wetland Scientists, 
Dec. 2003. 
 
#3 Black Locust:  http://plants.usda.gov/java/profile?symbol=ROPS,                       
   http://www.nps.gov/plants/alien/fact/rops1.htm 
 
#4 Siberian Elm:  http://www.invasive.org/browse/subject.cfm?sub=3479,     
   http://www.usna.usda.gov/Gardens/invasives.html,      
   http://plants.usda.gov/java/profile?symbol=ULPU,      
   http://www.nps.gov/plants/alien/fact/ulpu1.htm 
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Fires can damage soil and reduce its capacity to hold moisture. This can 
affect plants’ ability to survive. However, there are a number of groundcovers, 
herbaceous plants, shrubs and trees that are fire-resistant and are listed here. 


by Cheryl Moore-Gough, MSU Extension Horticulturist, retired; Robert 
E. Gough, MSU Professor of Horticulture; and Jason Lamb, Senior 
Undergraduate Horticulture Major


Fire-Resistant Plants for 
Montana Landscapes


ANY PLANT WILL BURN IF IT IS DRY ENOUGH AND 
the fire slow enough and hot enough. The ability of a 
plant to survive a fire depends upon the speed and type of 
fire, the time of year, the moisture-holding capacity of the 
plant and the plant species.


 Slow-moving fires can do more damage than those 
that move rapidly across a site. In forest settings, crown 
fires that travel from the crown of one tree to another 
often are more damaging than other types because they 
destroy the foliage and thus reduce the plants’ capacity 
to photosynthesize. This inability to manufacture 
carbohydrates weakens the plant and makes it more 
susceptible to subsequent winter damage and pest 
infestations. Young trees are more severely affected by this 
type of fire than older trees.


 Ground fires kill the cambium and phloem (parts of 
the plant responsible for its growth), often girdling or 
partially girdling the plant, which can lead to the death of 
the plant.


 However, new tissue laid down in the following spring 
allows many damaged trees to survive.


 Succulent plants and those full of water (for instance, 
in spring), survive fires better than trees with low moisture 
contents. Shrubs often survive by their ability to re-sprout 
from their bases.


Degradation of Site Quality 
Fires burn soil organic matter, reducing the soil’s capacity 
to store water and fostering compaction. They accelerate 
erosion and increase the magnitude of fluctuations in 
soil temperatures. As much as 70 percent of the nitrogen 
and some other nutrients are lost by volatilization, ash 
convection, and subsequent leaching after hot fires. 
However, the nitrogen is often replaced quickly by rain, 
increased soil microbial activity, and nitrogen fixation. 
Some nutrients are also released from burned organic 
matter, often making the total availability of mineral 


nutrients to the plants higher after the fire than before. 
Site quality deteriorates more on coarse sands and heavy 
soils than on sandy and loamy soils.


 Following a fire, prune out dead branches and be sure 
the remaining plants are watered well. There may be no 
reason to add huge quantities of fertilizer.


 Under forest conditions, tree species with thicker, 
corky bark – western larch, ponderosa pine, Douglas 
fir, long-leaf pine and bur oak – often escape severe fire 
damage. Those with thinner bark, such as alpine fir, 
Engelmann spruce and lodgepole pine, and many younger 
trees, are more likely to be killed by ground fires. Conifers 
as a group are considered more susceptible to fire damage 
than deciduous species because of their high resin content.


 Following is a list of plant species adapted to Montana 
that have been noted to be fire resistant. Not all species 
on this list will grow in all parts of the state. Refer 
to Choosing Trees and Shrubs for Montana Landscapes 
(Montana Extension Bulletin EB123), Choosing Biennials 
and Perennials for Montana Gardens (MT199903AG) 
and Growing Annual Flowers (MT199501AG) for more 
information on growing site conditions for selected species. 


We have also avoided categorizing plants as “fast-
growing” or “slow-growing” since this can be misleading  
– there are too many variables that can affect the rate of 
growth of a plant. Some information in the tables pertains 
only to observations on a single cultivar, but there is little 
reason to believe that other cultivars of the same species 
might not be equally resistant. In one case, an entire 
family (Rose) is generally considered to be fire-resistant. 
This family includes apples, pears, peaches, plums, 
apricots, nectarines, hawthorn, cotoneaster, juneberry, 
raspberry, blackberry and, of course, rose. Some entries 
include an entire genus (ash, for example) followed by 
some individual species. This is because some references 
list only a genus while others list particular species as 
being resistant. 



http://msuextension.org/publications/YardandGarden/MT199903AG.pdf

http://msuextension.org/publications/YardandGarden/MT199501AG.pdf
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 Fire-Resistant Plant Species Adapted to Montana
Groundcovers and Herbaceous Plants


  COMMON NAME   GENUS AND SPECIES


  Alfalfa   Medicago sativus 
  Bergenia   Bergenia spp. 
  Blanket Flower   Gaillardia x grandiflora 
  Bluegrass, Kentucky    Poa pratensis 
  Buffalograss   Buchloe dactyloides 
  Bugleweed   Ajuga reptans
  Candytuft, Evergreen   Iberis sempervirens 
  Cinquefoil, Spring   Potentilla tabernaemontani
  Columbine   Aquilegia spp. 
  Coral Bells   Heuchera sanguinea 
  Coreopsis   Coreopsis spp. 
  Cotoneaster, Rock   Cotoneaster horizontalis 
  Cotoneaster, Bearberry   Cotoneaster dammeri 


  Cottage Pink   Dianthus plumarius
  Daisy, Shasta   Leucanthemum x superbum 
  Daylily   Hemerocallis spp. 
  Dusty Miller   Artemisa stelleriana 
  Fescue   Festuca spp. 
  Fescue, Blue   Festuca ovina var. glauca
  Fescue, Tall   Festuca arundinacea 
  Fescue, Creeping Red   Festuca rubra 
  Flax   Linum spp. 
  Fleabane   Erigeron hybrids 
  Four O’clock   Mirabilis spp. 
  Geranium, Bloodred   Geranium sanguineum 
  Geranium   Geranium spp. 
  Ginger, Wild   Asarum caudatum 
  Hen and Chicks   Sempervivum tectorum 
  Iris   Iris spp. 
  Kinnickinnick   Arctostaphylos uva-ursi 
  Lambs Ear   Stachys byzantina 
  Lavender   Lavandula spp. 
  Lupine   Lupinus spp. 
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 Fire-Resistant Plant Species Adapted to Montana
Groundcovers and Herbaceous Plants


  COMMON NAME   GENUS AND SPECIES 


  Mahonia, Creeping   Mahonia repens
  Mock-strawberry   Duchesnea indica
  Myrtle, Common Periwinkle   Vinca minor 
  Ocean Spray    Holodiscus spp.
  Orchardgrass   Dactylis glomerata 
  Poppy   Papaver spp. 
  Poppy, California   Eschscholzia californica 
  Potentilla   Potentilla spp. 
  Primrose   Oenothera spp. 
  Pussytoes   Antennaria spp. 
  Red Hot Poker   Kniphofia uvaria 
  Ryegrass   Lolium spp. 
  Sage    Salvia spp. 
  Sedum, Goldmoss    Sedum acre 
  Silver Spreader    Artemisia caucasica 
  Snow-in-Summer   Cerastium tomentosum 
  Stonecrop   Sedum spathulifolium 
  Stonecrop, Green   Sedum album 
  Strawberry, Wild   Fragraria chiloensis 
  Thrift, Common   Armeria maritima 
  Thyme, Wooly   Thymus pseudolanuginosus 
  Valerian, Red   Centranthus ruber 
  Violet, Canadian   Viola canandensis 
  Virginia Creeper   Parthenocissus quinquefolia 
  Wheatgrass, Fairway Western    Agropyron cristatum 
  Winterfat   Eurotia lanata
  Yarrow   Achillea spp. 
  Yarrow, Common   Achillea millefolium
  Yarrow, Fernleaf   Achillea filipendulina 
  Yarrow, Wooly   Achillea tomentosa var. Moonshine 
  Yucca   Yucca filamentosa 
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Trees


COMMON NAME GENUS AND SPECIES


Alder, White Alnus rhombifolia 
Ash Fraxinus spp. 
Ash, Green Fraxinus pennsylvanica 
Aspen, Quaking Populus tremuloides 
Birch Betula spp.
Cottonwood Populus spp. 
Hackberry Celtis occidentalis 
Locust, Black Robinia pseudoacacia 
Maple Acer spp. 
Maple, Boxelder Acer negundo 
Maple, Rocky Mountain Acer glabrum 
Olive, Russian Eleagnus angustifolia 
Poplar Populus spp. 
Narrowleaf Cottonwood Populus angustifolia 
Prunus Prunus spp. 


 Fire-Resistant Plant Species Adapted to Montana


 Shrubs


COMMON NAME GENUS AND SPECIES


Antelope Brush Fendlera rupicola 
Buckthorn Rhamnus spp. 
Buffaloberry Shepherdia spp. 
Buffaloberry, Russett Shepherdia canadensis 
Buffaloberry, Silver Shepherdia argentea 
Cherry Prunus spp. 
Cherry, Sand Prunus besseyi 
Cherry, Nanking Prunus tomentosa 
Chokecherry Prunus virginiana 
Cinquefoil, Shrubby Potentilla fruiticosa  


Pentaphylloides floribunda


Dogwood, Red-osier Cornus sericea (C. 
stolonifera) 


Gooseberries & Currants Ribes spp. 
Honeysuckle Lonicera spp. 
Lilac, Common Syringa vulgaris 
Mahogany, Mountain Cercocarpus spp. 
Mockorange Philadelphus spp. 
Plum, Native Prunus americana 
Raspberry Rubus spp. 
Rose, most members of 
this family


Rosaceae 


Sumac, Skunkbush  Rhus trilobata 
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 HOUSEPLANTS 
 
 Adapted from the previous Certification Training Manual 
 of the Idaho Nursery Association 


Original Author:  Kathy Spencer 
Revised by the Montana Nursery and Landscape Association 2002 


Nick Engler, Billie Gray, Mary Keck, Jennifer Weiss 
 
 


In the last few years there has been a tremendous upsurge in the popularity of houseplants, creating an 
entirely new market in the retail nursery industry.  Retail garden centers which are not catering to the high demand 
for houseplants are missing an opportunity to add profitable sales with little additional cost in space or labor. 


 
Merchandising 


 
Many retailers meet the demand for houseplants by installing indoor plant departments in their garden 


centers.  To succeed at this, however, several techniques should be considered. 
 


One of the most important marketing techniques is display selling.  Plants should not be indiscriminately 
scattered about the store, which makes it difficult to care for them and also makes it hard for customers to select the 
plants they are looking for.  Plants look better in groupings of mass displays.  Group plants according to their care 
requirements to make maintenance easier. 
 


Plants may be displayed in several ways to make selection easier for customers.  Mature plants may be 
placed next to smaller plants so that customers can see what they will grow to look like.  Plants may also be grouped 
by type, such as hanging plants, palms, ferns, cactus, etc.  Plants may be displayed in containers or planters. 
 


Related items, such as pots, hangers, macramé, potting soil and houseplant fertilizers, should be in nearby 
displays to encourage tie-in sales.  
 


Place all plants so that they are visible without moving other plants.  Keep leaves and containers clean and 
label each plant with its name and price.  Not knowing the price is an excuse for not buying. 
 


Cleanliness and plant care are important in selling houseplants.  Never allow plants to appear neglected or 
unhealthy.  A dead leaf might not indicate a sick plant, but customers may think it does.  If a plant doesn't look good 
after normal cleaning, trimming and potting, throw it out. It's not practical to nurse sick plants in a retail shop.  
Remove dead or dying plants from displays. 
 


Keep display areas and aisles clean and keep plants free from insect infestation.  Inspect all plants upon 
arrival to help prevent infestation of other plants in the garden center. 


 
Two often-overlooked aspects of houseplant sales are information and education.  Many people who buy 


houseplants have little knowledge regarding the care and feeding of their particular plants.  Interested customers 
may ask for instructions but many customers don't think to ask.  Salespeople should show interest in each customer's 
selection and ask if he or she is familiar with its care. 
 


A good way to supplement or reinforce information salespeople give out is to have brochures, books, and 
flyers available.  Customers who know how to water a plant and whether it will do well in a sunny south window or 
better in a shaded north window will have more confidence in their ability to grow that plant and may, therefore, be 
more eager to buy. 
 


No matter how large or small a retail operation is, the most important factors in selling houseplants are 
clean, effective displays, good quality merchandise, and well-informed and enthusiastic personnel. 
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Growth Requirements 
 


All plants require proper temperatures, light, water, and nutrients to grow.  Light and temperature 
requirements have much to do with the class of plant. Most houseplants need bright indirect light. Few do well in 
low light conditions for extended periods of time.  Table 11-1 lists the growth requirements for some common 
houseplants. 


 
 Most houseplants come from warm countries, and you might think they require high temperatures.  


Surprisingly, most do well in rooms that are on the cool side -- provided the plants are free from rapid temperature 
changes. 


 
Low humidity in buildings as well as drafts can be detrimental to houseplants. Plants should not be placed 


close to heat registers, fireplaces or woodstoves. Cold drafts from air conditioners or opening doors in the winter can 
cause problems for houseplants by shocking them. Leaf drop is a common symptom of a draft problem.  
 


One of the most important growth requirements is water, which makes up to 90% of many plant tissues, 
carries food throughout the plant, and keeps stems and leaves firm.  Water continuously enters a plant through its 
roots and is transpired through its leaves.  The rate of absorption depends upon the root system, the size of the plant, 
and the composition of the potting soil, aeration, and environmental factors such as temperature, light, and humidity. 
 


Because of the many factors influencing water uptake, it's practically impossible to set down strict rules on 
watering plants.  Generally speaking, you can tell when a plant needs water by the look or the feel of its soil, or by 
the weight of the pot.  A thorough watering followed by a period of time to allow the soil to start drying permits air 
to be drawn into the soil.  Plant roots need oxygen for life and growth, and if the soil is constantly saturated by water 
the plant will soon die. The primary cause of death in houseplants is over watering. 
 
  Tap water may be used to water plants if it has not been chemically softened with sodium or fluorinated.  
Let tap water stand for 2 hours to allow it to warm to room temperature and to allow chlorine to escape from the 
water. 
 


The best and quickest way to water is from the top.  Fill up the pot until water drains out at the bottom of 
the pot.  If the pot is sitting in a saucer, drain off the excess water.  Do not let the pot sit in water.  If the soil has 
become completely dry and has shrunken away from the pot, immerse the whole pot in a tub of water until bubbles 
stop rising from the soil; then remove the container from the water and drain off excess water.  Another way to 
water is from the bottom.  Set the pot in a container of water and allow it to sit for 15 to 20 minutes, or as long as it 
takes to draw up moisture, then remove and drain.  Never allow the plant to sit in water for prolonged periods of 
time.  When watering from the bottom, it's necessary to leach regularly to prevent any buildup of fertilizers and 
toxic salts by flushing soil with water. 
 


When plants are moved from the favorable conditions of a moist greenhouse into rooms with reduced light, 
lower humidity, less frequent watering and artificially high day/night temperatures, the plants must pass through a 
period of adjustment, and leaves may turn yellow or drop off at first and flowers may wilt.  It is impossible for the 
plant’s roots to take up moisture rapidly enough to replace that lost by the foliage exposed to dry air despite the fact 
that soil is kept well-watered.  After two or three weeks, a plant will acclimate to the new surroundings and, with 
gradually reduced watering; the plant can be maintained in good condition for a remarkably long time. 
 


In order to maintain healthy, vigorous houseplants, you must supply nutrients on a regular basis.  In general 
practice, apply a balanced fertilizer every 1 or 2 months while growth is rapid, and once or twice during the winter 
months.  Young, vigorously growing plants can be fertilized twice as often. 
 


Most commercially prepared houseplant fertilizers work reasonably well.  Foliage plants need a fertilizer 
with an N-P-K analysis ratio of about 2-1-1, while blooming plants require a ratio closer to 1-2-1. 
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 Physical damage is the most common reason for browning leaves, caused by frequently being brushed 
against or hit by passing people or pets. This problem is often misdiagnosed as disease or insect damage. One 
obvious remedy is to move the plant to a more protected spot. 
  
 Insect problems are not common on indoor plants but they can be brought into the house on new plants or 
on plants brought in from the patio.  Keep new plants isolated for a week or two before placing them with other 
plants. Inspect plants when watering.  Most infestations can be eradicated easily when caught early.  Most insects 
can be washed off with soapy water or swabbed away with alcohol. If serious infestations require chemical control, 
be careful to follow the directions on the label. Also be sure that the product is safe for indoor use. 
 
____________________________________________________________________________________________ 


Summary 
 
1. In the last few years there has been a tremendous upsurge in the popularity of houseplants. 
 
2. An important marketing technique is display selling. 
 
3. Related items such as pots, hangers, and fertilizers, should be in a nearby display for tie-in sales. 
 
4. Salespeople should give information on care and culture for each plant sold.  Provide cultural information 


in the form of brochures, books, and flyers. 
5. The most important factors in selling houseplants are clean, effective displays, good quality merchandise, 


and well-informed enthusiastic personnel. 
 
6. Water, light, and temperatures are important growth factors.  Generally speaking, you can tell when a plant 


needs water by the look or feel of the soil.  Tap water should be left overnight to warm to room 
temperature. 


 
7. Nutrients should be supplied on a regular basis. 
 
8. Over-watering is the primary cause of houseplant death. 
 
9. Most houseplants require bright, indirect light. Few tolerate low light conditions. 
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 Chapter Review 
 
A. Describe the concept of display selling and how it can be used in a retail nursery to sell houseplants. 
 


_____________________________________________________________________________________ 
 
B. List seven factors that influence water uptake by plants.  1. __________________________________ 
 


2. __________________________________ 3. ___________________________________ 
 


4. __________________________________ 5. ___________________________________ 
 


6. __________________________________ 7. ___________________________________ 
 
C. What can happen to a plant whose soil is kept too wet for prolonged periods of time? 
 


_____________________________________________________________________________________ 
 
D. A customer who purchased a houseplant a week ago tells you that the plant has turned yellow and some of 


the leaves have fallen off.  What might be the problem?  Suggest a solution. 
 


_____________________________________________________________________________________ 
 


_____________________________________________________________________________________ 
 
E. What is the most common reason that a houseplant dies? 
 


_____________________________________________________________________________________ 
 
F.           In general, what level of light do most houseplants require? 
 


_____________________________________________________________________________________ 
 





