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FOREWORD

The author is indebted to many persons who gave of their time and pa-
tience in the review of the manuscript. Special thanks go to Drs. Glen
Smalley, U.S. Forest Service; Scott Schlarbaum, The University of Ten-
nessee, Knoxville; and Eric Winters, The University of Tennessee, Knox-
ville, retired. The author is also thankful to the members of the Mid-South
Christmas Tree Association for their support during the last 5 years.

A 5-year preparation time is, of course, not warranted for a publication
of this nature. However, most of this time was lost due to the sickness
and retirement of the author.

A publication on Christmas trees in Tennessee must address some fair-
ly complex problems and come up with relatively simple solutions. This
publication is primarily written to help new growers, those who are think-
ing about growing trees, and the amateur growers. ''Experienced growers"
{defined by the author as persons who have profitably cultivated and sold
at least one crop of trees) may also find a few items that will help in their
business.
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CHAPTER ONE

INTRODUCTION
The First Tennessee Tree Farms

The first Christmas tree producers in Tennessee began operations in
the mid 1950's. A. E. Miller, Sr., a dentist from Elizabethton, and Frank
Gentry, an Erwin businessman, each started plantations after seeing
Christmas tree farms in the North Carolina mountains.

When Dr. Miller died, his son, Dr. A. E. Miller, Jr., assumed manage-
ment of the plantations on Ripshin Mountain. In addition to usual
Christmas tree operations of planting and harvesting, he collects
substantial amounts of improved seed from a Fraser fir seed production
area established by his father. The foresight to establish an orchard paid
off; most natural stands of Fraser fir have been devastated by the balsam
woolly aphid, and seed is now very difficult to obtain. The Miller and
Gentry operations are examples of the long-term commitment required
for successful Christmas tree production.

Research and Development

Shortly after establishment of these first plantations, the Tennessee
Agricultural Experiment Station began Christmas tree research within the
Forestry Department at The University of Tennessee. Dr. Eyvind Thor
led the research program from the mid 1950’s until his retirement in 1982,
and it has been continued under the guidance of Dr. Scott Schlarbaum.
Research has played a major role in the development of the Christmas
tree industry in Tennessee. Information developed on species adaptation
and proper seed sources helps growers avoid many costly mistakes.

The Tennessee Christmas Tree Growers Association (TCTGA) was
formed in 1971 by a small group of growers. Membership grew from 16
in 1972 to more than 100 in 1984. The Tennessee group is associated with
the National Christmas Tree Association (NCTA). Van Michael of Vale
Forest Tree Farms, Sweetwater, served as national director from Tennessee
from 1972 through 1979. Eyvind Thor of Valhalla Tree Farm, Knoxville,
represented the state in 1980-82. Ron Emery, a retailer from Knoxville,
succeeded Thor as director.

In May 1983 the members dissolved TCTGA and formed a new
association for growers, wholesalers, retailers, and suppliers from
Kentucky and Tennessee. The Mid-South Christmas Tree Association
(MSCTA) is a member of NCTA. Some growers in the Upper East
Tennessee Valley have joined a group that is primarily interested in Fraser
fir.
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Figure 1: Dr. A. E. Miller, Jr. in his Fraser fir seed production area on Ripshin

Mountain.



Both MSCTA and NCTA help growers produce and market their trees.
State or regional associations conduct meetings, workshops, and visits to
Christmas tree farms. The national association is primarily concerned with
marketing, public relations, and tax issues. A quarterly magazine, the
American Christmas Tree Journal, is published by NCTA. Membership
in both MSCTA and NCTA is recommended to individuals planning to
become Christmas tree growers. Dues are a small investment in con-
sideration of the information made available to help growers avoid costly
mistakes.

The Tennessee Division of Forestry (TDF) provides technical assistance
for private landowners. Holdings up to 100 acres are examined at no cost,
and $1/acre is charged for land in excess of 100 acres. At cost, TDF will
provide assistance with tree planting, timber stand improvement, timber
marketing, and controlled burning. Growers may contact any of the
following TDF offices:

District 1. Greeneville, P.O. Box 731; 638-7841

District 2. Knoxville, P.O. Box 2666; 673-6432

District 3. Hixson, P.O. Box 160; 755-3091

District 4. Cookeville, 312 East First St.; 526-9502

District 5. Manchester, P.O. Box 616; 728-7059

District 6. Burns, P.O. Box 100; 797-3117

District 7. Columbia, West End Shopping Center; 388-0240
District 8. Lexington, P.O. Box 438; 968-6676

District 9. Brownsville, P.O. Box 202; 772-4592

Factors Affecting Success or Failure

When Christmas tree research was begun by the Tennessee Agricultural
Experiment Station, it was anticipated that Christmas tree production
would provide an extra cash crop for farmers. Most Tennessee growers,
however, are not farmers but professional and business people. Farmers
utilize their land for row crops or pasture and generally produce annual
crops rather than long-term crops like trees. Incentives for Christmas tree
production may be greater for professional or business people because
of their higher average income. They may benefit more from the capital
gains treatment of income derived from Christmas trees and are generally
more inclined to invest substantial amounts of money in a long-term
enterprise.

Regardless of background, growers must be dedicated as it takes 5 to
12 years, depending on species and site, to produce trees of marketable
size. Cultural activities must be carried out every year. Ignoring these
activities for a single growing season usually results in reduced tree quality
or loss of an entire plantation. Many growers fail to perform the needed
cultural practices and may never harvest many trees.

3



All sizes of Christmas tree operations are found in Tennessee — smal]
{fewer than 10 acres), medium (10 to 100 acres), and large {(more than 100
acres). Any size operation can be profitable if properly managed, but small
operations have some advantages. Most labor on small operations is
usually provided by the farm family. Equipment costs are low, and many
trees can be sold directly to consumers, particularly if the plantation is
near a population center., Large operations, on the other hand, require
considerable investment in equipment. Due to the greater use of machines,

to maintain a wholesale operation. Medium-sized operations do not have
the advantages of small or large Christmas tree farms. Small growers
wanting to expand may experience some "'growing pains.’"



CHAPTER TWO

SPECIES TO PLANT

Selection of species is a most important decision and the beginner cannot
afford to experiment with a number of exotic {non-native} species.
Comparisons of different species and varieties for adaptation to different
parts of the state have been made by the Tennessee Agricultural
Experiment Station and individual growers.

Adaptability to Site

The term site embodies the different ecological factors {biotic, climatic,
and soil) that determine survival and growth of a tree. Most farms have
several soil types, exposures, and drainage situations. Areas to avoid are
poorly drained soils, very dry sites, and locations shaded by adjacent
woodland. Some species, such as white pine, grow well on a wide range
of sites. Norway spruce does well in partly shaded and damp locations,
while Scotch pine requires full sunlight and grows well on dry hillsides
with southern exposures.

Scotch pine and white pine can be grown from the Mississippi River
to the Great Smoky Mountains. Other species have more restricted ranges;
Norway spruce plantations are usually not successful in the western part
of Tennessee, and Colorado blue spruce is best adapted to higher elevations
on the Cumberland Plateau and in the Smoky Mountains. Fraser fir is
limited to sites with elevation of more than 2000 feet in the mountains
of East Tennessee.

Survival and growth rate are the most important characteristics in
determining suitability of a species to a particular site. Vigorous growth
is essential to obtain good bud set and dense foliage. Unwanted growth,
such as forks, may be removed by pruning. Excessive leader and lateral
branch development can be controlled by shearing. Thus, a vigorously
growing tree can be shaped to a dense, high quality Christmas tree. Slow-
growing trees, while needing little shaping, have poor bud set and sparse
foliage. Experiments with Norway spruce and white pine have shown that
with rapid growth rate and proper shearing, 64 to 85 percent of the spruce
and 65 to 87 percent of the white pine were graded as U.S. Premium (see
Appendix Two for explanation of USDA Christmas tree grades). Con-
versely, on an eroded site where growth was slow, only 33 percent of
the Norway spruce and 59 percent of the white pine were premium trees.

Susceptibility to diseases and insects varies greatly among species,
physiographic regions, and sites. In general, Fraser fir has the most disease
and insect problems while Norway spruce has the fewest; white and
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Scotch pines are intermediate. Most growers encounter some pest
problems, but proper sclection of species for site conditions will minimize
disease and insect problems.

On farms with a great varicty of sites, it may be necessary to make a
detailed map of soil and topography. The U.S. Soil Conservation Service
[SCS) can provide the latest acrial photographs. Planting of a particular
species may be limited to a very small portion of the total arca. Careful
planning will significantly reduce future losses, particularly to diseascs
such as Phytophthora root rot and ncedle cast. Fraser fir is especially
susceptible to root rot. White pine also may be killed by this fungus, which
15 associated with soils having poor internal drainage. If growers avoid
heavy clay soils or light soils underlain by a layer of impervious clay or
rock, this discase problem will be of less importance. Needle cast of pines
can be caused by scveral fungi, but Lophodermiuni is most common. High
humidity tavors the spread of ncedle cast discases, which are more
prevalent on shaded north slopes than on exposed south slopes. Plant
spruce and fir, which are resistant to Lophodermium, on north slopes and
the light-demanding pincs on south slopes.

Availability of Seedlings

White pine and Virginia pine seedlings are produced for sale by the
Tennessee Division of Forestry (TDF) nursery near Pinson in West
Tennessee. Since their seedlings are sold at a low price, the demand is
high, particularly for white pine. Customers of the state nursery are treated
on a first-come, first-served basis. Therefore, it is important to place
seedling orders by July 1 or shortly after for planting the following spring.
Seedling application forms can be obtained from offices of TDF, SCS, and
county extension leaders.

White pine seedlings from TDF cost more than Virginia pine because
white pines must be grown for 2 years in the nursery bed while Virginia
pines reach outplanting size in only 1 growing season. Seedlings or
transplants of other Christmas tree species, such as Scotch pine, Norway
spruce, Colorado blue spruce, and Fraser fir, are grown in a few small
nurseries in the southern Appalachian Mountains. Some large commercial
nurseries in northern states also specialize in the production of these
species. The quality of their seedlings is usually good, but northern nursery
beds are often frozen during the best planting season in Tennessee,
delaying delivery of seedlings until late spring. When seedlings are planted
late, they are more susceptible to mortality from spring droughts.
However, orders placed for late winter delivery can often be filled with
trees placed in cold storage by nurseries the preceding fall.

Seedling quality is largely determined by the environment within the
nursery bed (seedbed density, fertilizer applications, irrigation, and length
of growing season) and the genetic make-up (genotype) of the seed. The
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outward appearance (phenotype) of a seedling is the product of its
environment and genotype. An important aspect of the genotype is the
provenance. Provenance refers to the original geographic source of the
seed. Exotic species such as Norway spruce and Scotch pine will always
be of a European provenance.

Seedling phenotypes may change greatly from how they appear in the
seedling bed to appearance at time of delivery. Improper lifting, packing,
storage, and transportation may damage or destroy seedlings. The evidence
of improper handling is torn roots, inadequate packing materials, and
dried-out roots and needles.

A North Carolina state nursery produces Fraser fir seedlings, but sale
is limited to North Carolina landowners. Demand for these seedlings is
so great that orders are only partially filled. However, seedlings and
transplants are produced by a number of small private nurseries in the
southern Appalachian region as well as by larger commercial nurseries
farther north.

When planting stock of a particular species and provenance is
unavailable, a grower may consider collecting wildlings. These natural
seedlings are not as desirable as nursery-grown seedlings. Collection may
be expensive, and usually wildlings lack the extensive root system of
nursery-grown stock. Only shade tolerant species will have sufficient vigor,
and this limits collection to Fraser fir. To obtain the well-developed root
system needed for field planting, it is usually necessary to transplant
wildlings in beds or containers for at least one year. Permission from the
landowner should be obtained before wildlings are collected.

Figure 2: Fraser fir wildlings from a natural stand on Roan Mountain.
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Saleability

In 1962 a survey was conducted to determine consumer preferences
and buying habits for Christmas trees in the Knoxville area. Forty-two
percent of the people shown a display of 6 species {Fraser fir, Norway
spruce, white pine, red-cedar, Scotch pine, and Arizona cypress) preferred
the Fraser fir. Preferences for the other species were 25, 16, 10, 7, and
0 percent, respectively. Tradition is an important aspect of preference,
and Knoxville consumers were accustomed to Canadian balsam fir, which
they could not distinguish from Fraser fir. Prior to 1962, long-needled trees
such as white pine had not been sold in Knoxville. In succeeding years,
however, large numbers of pines have been marketed. A current consumer
preference survey would undoubtedly find that a greater proportion of
buyers would prefer white and Scotch pines.

Some consumers prefer a given species and will ask for it, but most
buyers cannot tell the difference among species of pines or, for that matter,
the difference among spruce, pine, and fir. Most buyers are interested
in size, appearance, needle-holding ability, and freshness rather than
species. This customer attitude does not mean that the species is not
important because appearance and needle-holding are related to species.
However, cultural practices, such as shearing, will modify density and
shape, and color can be improved by application of colorants.

A grower may receive almost twice as much money for a Fraser fir as
compared to a white pine, assuming that they are of the same size and
quality. Fraser fir has very desirable Christmas tree characteristics that
are appreciated by many consumers. On the other hand, Fraser fir
production costs are much higher than those for pines.

Potential customers shown the 6 species of trees in 1962 were asked,
by 50-cent increments, which species they would choose if their first
choice cost more than the others. Even though a few customers would
not switch regardless of price, a difference of $1 ($6 at 1985 prices) made
many Fraser fir customers switch to another species. Acceptable
substitutes for Fraser fir were Norway spruce (75 percent}, white pine
{56 percent), and Scotch pine (45 percent). As the price differential
increased, a greater number of customers abandoned their first choice and
settled for a less expensive species. The message to Christmas tree growers
is that when production costs of a given species become much greater
than that of other species, the number of trees that can be sold at a profit
will rapidly decrease.

Shipping Quality

Shipping quality means how well trees pack in a load and resist breakage
and needle loss. Until recently, only a small number of Christmas trees
were harvested in Tennessee; most of these trees were sold locally, and
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there was little concern about shipping quality. With increased production
and longer distances to markets, this characteristic has increased in
importance.

If Christmas trees are tightly baled with twine or plastic netting prior
to shipment and care is exercised in loading and unloading, breakage will
be minimal. If trees are frozen, leaders and branches will be brittle, and
extreme care must be taken to avoid breakage. The number of trees that
can be loaded on a truck varies by size and type of truck, skill of the
loaders, and size and fullness of the trees. Usually more Fraser fir or white
pine can be loaded than Scotch pine, Norway spruce, Virginia pine, or
Colorado blue spruce. With rising trucking costs, this is a factor that should
be considered by growers developing wholesale markets.

Fraser fir, white pine, and Scotch pine have excellent needle-holding
ability and can be shipped long distances with minimal damage as long
as the load is protected from heat. Blue spruce and Norway spruce shed
their needles after prolonged storage or transportation. These two species
should be cut at the end of the harvest season {about the first week of
December) and shipped immediately. Even with these precautions some
spruce will start shedding needles before Christmas. It is best to market
the spruces locally in a choose and cut operation or as live trees (balled
and burlapped).

Recommended Species

Although more than a dozen species are commonly used for Christmas
trees in the United States, only 6 are presently recommended for pro-
duction in Tennessee. Tennessee growers have a reasonable expectation
of a profitable operation if they select species and provenances
recommended for their physiographic region and follow accepted
cultivation and management procedures. When species and provenances
other than those recommended are used, the probability of financial
success decreases, regardless of other management practices employed.
Restrictions on use of plant materials are not intended to discourage
individual growers from experimenting with other species. Growers are
encouraged to establish small plantings of different species. Information
obtained from such plantings will be of great value to the industry and
may result in additions to the list of recommended species.
Recommendations will change over time as experience is gained and new
plant materials are developed.

White Pine

Eastern white pine is native to East Tennessee and the Cumberland
Mountains, but good quality Christmas trees have also been produced on
the Highland Rim. In West Tennessee, survival is often poor, although
the growth rate of established trees is acceptable. White pine grows best
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on well-drained, sandy loam to clay loam soils.

Even though white pine is more shade tolerant than Scotch pine, it
requires direct sunlight most of the day to develop vigor. Weeds must
be controlled, or they will shade out the lower limbs. White pine weevil
and blister rust are important pests in northern states but are not common
in Tennessee. Aphids and bagworms can be serious pests.

Trees grown from recommended provenances, such as Morgan or
Anderson counties, should reach commercial size (6 to 7 feet) in 7 years.
The Tennessee Division of Forestry now collects white pine seed from
these designated areas. However, if a grower is tardy in applying for
seedlings, the order may not be accepted by the nursery, and seedlings
may have to be bought from an out-of-state nursery. If the out-of-state
nursery can guarantee that the seed was collected from approved areas
in Tennessee or northern Georgia, the genotypes may be as good as those
from the TDF nursery. Trees of many North Carolina provenances do not
grow well in Tennessee; this may be due to lack of resistance to sulfur
dioxide damage. Northern seed sources are unacceptable due to poor
survival and slow growth. If seedlings of proper provenances are not
available, Tennessee growers will be better off postponing planting or
using another recommended species.

Scotch Pine

A species native to Europe, Scotch pine is the most popular Christmas
tree in the United States. It will grow on a variety of sites in all parts of
Tennessee but has not been widely planted. Results from seed source tests
and commercial plantations are extremely variable, reflecting a large
amount of genetic variation. Unfortunately, this variation results in a large
proportion of cull trees. Even though some provenances on an average
produce significantly better trees than others, all will have runts and giants,
premium trees and culls, yellow needles and dark green needles, straight
stems and corkscrews. The fastest growing trees tend to be from central
Europe while trees from northern and southern Europe grow slower. In
Tennessee, trees of French seed sources have exhibited a combination
of good needle characteristics (fairly short and blue-green) and moderate
growth rate.

Six to 7 foot trees can be grown in 7 years with little or no use of
fertilizers. Pruning to remove forks and cankers of eastern gall rust is
required. Scotch pine is extremely shade intolerant and susceptible to
damage from a number of insects and diseases.

Norway Spruce

Uncultured Norway spruce is the traditional Christmas tree for most
north Europeans. Norway spruce develops into a symmetrical, reasonably
dense tree without shaping. Poor needle retention is not a problem in
northern Europe; cold weather and the tradition of bringing the tree inside
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Figure 3: White Pine — A good choice throughout most of Tennessee.

11



Figure 5: Norway spruce is well adapted to the growing conditions in East Tennessee.

12



shortly before Christmas Eve make it possible to keep the tree relatively
fresh through the holiday season. In Tennessee, however, climate and
Christmas traditions limit the use of Norway spruce to choose and cut
operations and harvests designed to fill shortages occurring on local retail
yards during the last week of sales.

Any seed source from central Europe may be used, and occasionally
individual trees do exhibit good needle-holding ability. A selection breeding
program is underway at The University of Tennessee to take advantage
of this variation.

Norway spruce can be grown almost anywhere in East Tennessee,
including the Cumberland Plateau and Mountains. It prefers a moist soil
with relatively high fertility. Since it is adapted to a cool climate and is
relatively shade tolerant, it does best on north slopes. Norway spruce can
be planted along adjacent woodlands where pines do poorly because of
low light intensities.

Rotation length for Norway spruce will be greatly influenced by quality
of planting stock. Small seedlings with poorly developed root systems grow
slowly for 3 to 4 years after planting. Large seedlings or transplants with
well-developed roots will have acceptable growth rates after 1 year when
planted on suitable sites. Using good planting stock and relatively light
shearing, most trees will be 6 to 7 feet tall in 8 years.

Since Norway spruce is shade tolerant and not susceptible to many
insects or diseases, it is possible to grow this species without heavy
applications of pesticides. Top quality trees on 8-year rotations may require
periodic applications of phosphate and nitrogen.

Blue Spruce

Colorado blue spruce is native to the middle and upper slopes of the
central Rocky Mountains where the growing season is short. Although
blue spruce is grown as an ornamental tree in the East Tennessee valley,
its growth rate is too slow for commercial Christmas tree production. At
higher elevations, 2000 feet and higher in the Cumberland and East
Tennessee mountains, blue spruce may grow almost as fast as Norway
spruce and produce an equivalent proportion of premium trees. The two
species require about the same site conditions and cultural treatments.

Colorado blue spruce is sometimes preferred over Norway spruce
because of the bluish needle color and somewhat better needle-holding
ability. Genetic variation in foliage color is striking; individual trees vary
from plain green to strong blue-green. Seed from the Kaibab region in
northern Arizona will produce a high proportion of trees with blue foliage.
However, trees from southern Arizona and New Mexico may grow faster.

Fraser Fir
Fir stands in the southern Appalachians are separated by relatively long
distances. The variation pattern in Fraser fir indicates that during the last
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glacial age a continuous fir forest extended south into Tennessee and North
Carolina. Climatic changes have reduced this forest to a few relic stands
in the southern Appalachian Mountains. Some scientists consider Fraser
fir a southern variety of balsam fir. As a matter of fact, it is difficult to
distinguish Fraser fir from balsam fir, especially when trees are too young
for cone production. Fraser fir needles are usually shorter, wider, and more
silvery. Fraser fir tends to grow a little faster than balsam fir and is now
widely planted in some northern and northwestern states.

Fraser fir Christmas trees have traditionally been a product of the
mountains of North Carolina. Due to heavy demand and limited supply,
growers have prospered. This situation will probably change with
increases in supply coming from new North Carolina growers and
production in other states. Steep mountain land is not suitable for
mechanization, and growers in the East Tennessee mountains should
consider the potential impact of competition from northern growers
operating on more level topography. Cost of producing quality Fraser fir
Christmas trees will continue to be high even where mechanization is
possible. One thousand transplants cost several hundred dollars, and trees
must be fertilized annually. Spider mites and twig aphids are serious pests
requiring control.

Figure 6: With proper cultivation and in favorable locations, Fraser fir grows well
at elevations above 2000 feet.
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Fraser fir can usually be grown commercially at elevations above 3000
feet in Tennessee; although good sites may permit production down to
2000 feet. For all practical purposes this limits production to the few
counties bordering North Carolina, and the majority of this land is in public
ownership. Much of the land in private ownership in this region is too
steep or rocky for Christmas tree production, while other sites have
undesirable soil properties. Fraser firs are very susceptible to root rot, so
clay soils with poor internal drainage should be avoided. On suitable sites
with proper fertilization and using sturdy transplants, a 7 foot Fraser fir
can be grown in 8 or fewer years.

Virginia Pine

During the last decade a Christmas tree industry based on Virginia pine
has developed in the southern United States. It is possible to produce a
7 foot tree in 5 years. Nearly all successful plantations have been
established with seedlings grown from a single seed source—a grafted
orchard propagated from selections made at the extreme southern edge
of the species range in Alabama. This genetic material is apparently well
suited for many conditions outside the natural range, but few plantations
have been established in Tennessee. Research has been initiated to identify
better provenances and evaluate selected phenotypes.

On an average, West Tennessee is a few degrees warmer than East
Tennessee. This difference makes for poor survival of most Christmas tree
species. Of the 6 species recommended for Tennessee, Virginia pine
appears to have the best potential for the western portion of the state.
Plantation establishment and cultural practices are quite different from
those of the other 5 species:

1. Seedlings are cheap and planted when 1 year old.

2. Virginia pine is exceedingly shade intolerant; thus spacing
must be wide, approximately 7 x 7 feet.

3. Due to shade intolerance, weed control must be very
intensive during the whole rotation.

4. To obtain a dense tree, shaping is necessary 2 times during
each of the last 3 growing seasons.

5. Repeated applications of insecticides are needed to control
the Nantucket pine tip moth.

6. The normal yellow-green color of Virginia pine needles
requires a heavy application of colorant.

Although Virginia pines may survive on the harshest, most eroded sites,
growth is reduced under such conditions. Fast growth is necessary to
obtain good density by shaping; therefore, stressful sites should be avoided.
Most pastureland, including some dry sites, will give adequate growth.
Slow growth and/or yellow needles may often be corrected by applications
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of complete fertilizers such as 15-15-15.
Other Species

Douglas-fir and white spruce have only been tested to a limited extent
in Tennessee. Although they show some promise, there are risks associated
with their production. Growers are encouraged to experiment with these
species, but the establishment of commercial plantations is not recom-
mended at this time.

Douglas-fir is the most important timber species in the United States.
Native to the Pacific Coast and Rocky Mountains, it exhibits wide genetic
variation. One characteristic appears to be constant in Tennessee
plantations; the trees are susceptible to damage from late spring frosts.
Warm spring weather will encourage early bud burst, and a late frost will
kill the tender shoots. Frost damage occurs most often at higher elevations
and in "'frost pockets'' where cold air does not readily drain away.
Successful plantations in East Tennessee were established on ridges with
relatively deep soil and good air drainage. On such sites it is possible to
grow high quality 7-foot trees on 8-year rotations when the best seed
sources are used. Two such provenances have been identified: Lincoln
National Forest, New Mexico (elevation 8500 feet), and Coconino National
Forest, Arizona (elevation 7000 feet).

Figure 7: A seed source test in Anderson County demonstrates large differences
in growth rate among geographic origins of Douglas-fir.
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White spruce is native to the northern United States and Canada. 1t
grows well on moist to moderately well-drained sites at higher elevations
in East Tennessee. Above 2000 feet the species may grow faster than either
Norway or blue spruce. Southern New England seed sources offer the
greatest promise. Like other spruces, white spruce has pointed, sharp
needles that tend to drop within a few weeks of cutting. Poor ncedle-
holding will limit production, but growers at higher elevations are
encouraged to grow a few trees of this species for local markets.
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CHAPTER THREE

LAND SUITABILITY AND PLANTATION PLANNING

Use of land typically relegated to forestry may not be practical for
Christmas tree growing. No farmer will invest an average of $300 per acre
per year on land that cannot be traversed with a tractor. Since annual costs
of Christmas tree production are higher than those for most agricultural
crops, Christmas tree growers should consider agricultural land for
planting sites.

Prospective growers may already own land and consider Christmas tree
production as one alternative for getling a return. Some or all of this
property may be suitable for production of Christmas trees. However, the
owner should examine the property critically to determine that land
characteristics do not adversely affect production cost and quality of the
trees. If suitability is questionable, the owner should consider some other
land use or sell the property and buy a more suitable property for
Christmas tree production.

Favorable Locations

Success or {ailure depends on geographic and social factors as well as
the more obvious physical factors. A Christmas tree farm is part of a
community; theft and arson are problems just as real as honeysuckle and
rocks, and a supply of dependable labor at reasonable cost is essential.

Roads that were adequate during summer may become impassable
before Christmas. There may be no particular advantage in having
plantations on a main highway, but a paved or gravel road to the property
should be given high priority in site selection.

Prospective growers who anticipate harvesting by the choosc-and-cut
method must be close to a large population center. A few customers may
drive a hundred miles to cut their own trees, but most will not travel more
than 30 miles {one way). With increasing cost of transportation, it is likely
that this distance will decrease. Growers producing less than 2000 trees
per year can probably scll most of them on a choose-and-cut basis at close
to retail prices. Higher prices tend to offsct higher land values associated
with proximity to urban areas.

If land 1s to be leased or purchased for Christmas tree production, the
most desirable location is near home. In addition to having the trees close
by for inspection of insects, discases, and other pests and for control of
theft, there are savings in transportation of cquipment and workers.
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Topography, Soil, Water, and Air Quality

Regardless of the physiographic region in which the land is located, any
one of 4 factors ({topography, soil, water, and air) may limit Christmas
tree production. Sometimes 2 or 3 factors interact to make conditions poor
for efficient production. Also, one factor may compensate for an otherwise
limiting factor, making production feasible. For example, shallow soil on
a north slope may have adequate moisture for tree growth while shallow
soil on a south slope may be too dry.

Steeply sloping ground is not suitable for Christmas tree production
because tractors can overturn, especially when rocks, stumps, or holes
are present. Tractors operating on slopes must be equipped with roll bars,
and operators should be required to use seat belts. Some growers in East
Tennessee use backpack power equipment on very steep slopes, but their
operating costs are high. Over the years these growers have found that
level or slightly rolling terrain gives better net return on investments and
have gradually phased out production on the steepest slopes.

Soil fertility and acidity may be corrected by applications of fertilizer
or lime. However, extremes of soil texture may limit suitability of some
sites for certain species. Problems are often associated with coarse textured
{sandy} soils and sites with heavy clay soil. Sandy soils are excessively
drained and tend to be droughty, while soils with a high clay content have
poor internal drainage and, especially in low areas, may become water-
logged. Clay soils that have been cultivated tend to be compacted with
plow pans at about 10 inches. Subsoiling may be needed prior to planting.

In parts of Tennessee, rocks may be a serious problem. Exposed rocks
are a hazard to equipment, but even rocks covered by soil may be
undesirable. High rock content significantly reduces the water storage
capacity of the soil.

About 30 years ago white pines in the Cumberland Mountains died
because of sulphur dioxide emitted from coal-fired steam plants. Similar
damage was observed in white pine Christmas tree plantations near steam
plants in other parts of the United States. Although this problem has abated
due to more stringent control of emissions, some damage, particularly
needle tipburn, still occurs. In susceptible areas, white pine seedlings from
selected resistant seed sources should be used or another species, such
as Norway spruce, may be planted.

Existing Vegetation
Land may conveniently be divided into 4 use categories: cropland,

pasture, old-field, and forest. Cropland has been cultivated in the last few
years; land abandoned longer is classified as old-field. Similarly, pasture
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years; land abandoned longer is classified as old-field. Similarly, pasture
must be maintained by mowing, or it will revert to old-ficld status. If soil
erosion, poor drainage, or stecpness are not serious problems, the first
2 categories arc easy to convert to Christmas tree plantations.

Before establishing plantations on old-ficlds, it is first necessary to
control or remove woody vegetation, fill in gullies, disk, fertilize, and sced
grasses or legumes. Some pines, particularly Scotch and Virginia, grow
well on converted old-fields, but cost of establishment is higher than on
pasture or cropland.

The Cumberland Plateau and the Highland Rim have the greatest
potential for converting forests to Christmas tree plantations. In these
regions poor quality hardwoods grow on gently rolling terrain. Most of
this land will grow pine. Spruce can also be grown on sites with deep,
well-drained soils in the Cumberland Mountains. Since much of this land
is relatively level, erosion will be minimal, and plantations can often be
established without a cover crop. Land clearing is expensive, but land on
the Cumberland Plateau and the Highland Rim is inexpensive compared
to land in East Tennessce.

Area Requirements

Size of Christmas tree operations relates to the number of trees a grower
harvests per year and is a function of willingness to work hard and of
financial ability. Tennessee plantations vary from 1 acre in a backyard
to several hundred acres.

Spacing of trees is determined by the type and size of equipment
available or expected to be acquired. If the tractor and bushhog are 5 feet
wide, spacing between rows should be 7 feet. Smaller tractors and
bushhogs are available, and it is possible to plant rows as close as 5 feet.
Most growers do not crossmow, but use herbicides in the rows so spacing
within the row can be variable. Small (4 to 5 feet} trees of a shade tolerant
species can be grown as close as 4 feet while large (7 to 8 feet), intolerant
pines require 7 feet between trees within rows. A 5 x 5 foot spacing is
considered the minimum for producing quality pines. The number of trees
per acre at various spacings is shown in the following tabulation:

Spacing (feet) Number of Trees per Acre
5x5 1742
5x6 1452
6x6 1210
7x5 1244
7x7 889

To determine the total number of acres needed, multiply number of trees
in the desired annual harvest by number of years in the rotation required
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for the species and divide by number of trees per acre at the selected
spacing. For example, to annually harvest 1000 white pines {rotation 8
years) planted on a 6 x 6 foot spacing requires an area of:

1000 x 8/1210 = 6.6 acres.

This figure assumes that all planted trees survive and all are saleable.
Even when seedlings that die the first year are replaced the following year,
survival at harvest time seldom exceeds 90 percent. With good
management cull trees should not exceed 10 percent in white pine or
Norway spruce plantations. Thus, to sell 1000 trees, about 1200 must be
planted each year {replants not included}, requiring a land area of about
8 acres. Land to be used for access roads, harvest lanes, storage sheds,
parking, etc. must also be taken into consideration. Rather than 6.6 acres,
a total of about 10 acres may be needed to meet production goals.

[ntolerant species, such as Virginia pine, require wider spacing but may
have shorter rotations. At 7 x 7 foot spacing and a 5-year rotation (assuming
the same mortality and cull percentages as for white pine and Norway
spruce}, about 6.7 acres are needed. Adding land lost to roads, harvest
lanes, etc., the total area is more than 8 acres. Selection of proper spacing
may be a major factor in profitability, especially when property values
are high.

It may not be advantageous to plant 1 acre every year for 8 years. A
more efficient plan might be to plant 2 acres every other year, which will
still provide an even flow of marketable trees.

Plantation Layout

When a public road is not available, it is necessary to construct an all-
weather road to each plantation. An all-weather, graveled access road with
ditches and culverts is a prerequisite of an efficient Christmas tree
operation.

Plan the entire area, including roads, harvest lanes, and buildings, before
planting. Small fields of a few acres will not require harvest lanes, but
an access lane should be left along one or two sides of the fields. Since
Christmas trees do not develop properly in the shade of bordering forests,
access lanes should be placed along a forest's edge.

Larger plantations require additional harvest lanes through the fields.
Lanes should be about 15 feet wide so that trucks and tractor wagons can
pass without damaging border trees. Some growers space harvest lanes
as close as 12 rows apart while others space them as far apart as 20 rows.
Since these lanes will be used during wet weather, locate them so that
they will drain well, preferably along ridges or on the contour of slopes.

Row direction is mainly determined by topography and the type of
equipment that will be used for maintenance. On level to gently sloping
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land, rows can be laid out in any direction, preferably parallel to the longest
dimension. On steeper slopes, lay out rows up and down the side of the
hill for mowing with a pull-behind bush-hog; rows should be laid out on
the contour when using a self-propelled, walk-behind mower. Land with
very steep slopes should not be used to grow Christmas trees as production
costs are high and accidents are likely to occur.

Figure 8: Christmas tree plantings should have‘good access and harvest lanes.
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CHAPTER FOUR

SITE PREPARATION

Pasture and cropland are generally ready for planting without much site
preparation. In most cases pre-emergence herbicides can be applied in
rows before or after planting. On recently idled old-fields, a cambination
of bushhogging and chemical treatment of hardwood sprouts may be
sufficient. Older abandoned fields and woodlands require bulldozing and
disking to remove unwanted vegetation.

In addition to vegetation control, some sites need correction for
imperfect drainage, unsuitable soil reaction (pH}), low fertility, or soil
compaction. It is always easier to make such corrections before the field
is planted. Well-drained pasture and cropland require minimum prepa-
ration and should be planted first. Less desirable sites should be prepared
according to a plan where sites with high conversion costs and/or poor
productivity are assigned lowest priority.

Mechanical Site Preparation

The importance of proper site preparation cannot be overemphasized.
Before planting old-fields or woodlands, it is imperative that they be free
of all woody vegetation. Most hardwoods sprout from stumps and roots;
therefore, stumps must be removed and roots chopped with a heavy disk.
Mechanical site preparation is expensive, but less intensive preparation
will result in crooked rows, uneven spacing, costly control of remaining
woody vegetation, and possible damage or loss of trees from herbicides.
Savings obtained by partial clearing will probably be lost by increased
operating costs and poor quality trees.

The first step in converting woodland to a Christmas tree plantation is
to harvest merchantable trees, if the value of the trees is large enough
to attract a logger. If the area is near a city, there may be a market for
firewood.

Prescriptions for establishing pine plantations for forestry purposes are
not adequate for Christmas tree operations. Agricultural standards for row
crops should be used. This type of site preparation includes removal of
practically all organic material {roots, stumps, stems, and branches) and
thorough disking. Organic materials are piled in windrows, dried, and
burned.

Unfortunately, in mechanical site preparation much topsoil ends up in
the windrows. This soil loss can be critical for survival and growth of white
pine, spruce, and fir on poorer sites. On better sites the loss of some top-
soil may not be too detrimental. However, any forested site that is cleared
by mechanical methods will lose some fertility.
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Soil Amendments

A soil test is needed to determine soil fertility. Landowners should
contact the extension leader in their county for sampling instructions. Each
analyzed sample will give information on soil acidity {pH), phosphorus,
and potassium.

Most conifers grow best on acid soils (pH less than 7). But at a pH of
5 or lower, some nutrients become unavailable, or toxicities may develop.
Some conifers grow naturally on soils with pH less than 4, but optimum
survival and growth require a higher pH. Optimum pH-levels for
individual species are not known, but most Christmas tree species grow
well within a pH range of 5 to 6.5. At the lower end of this range, some
nutrients, particularly phosphorus, may be tied up while at the upper end
of this range, some disease problems can be expected.

Fortunately, most forest soils in Tennessee have a pH range from 5 to
6. Abandoned fields, particularly those invaded by Virginia pine, may have
a pH lower than 5 after site preparation. In such cases agricultural grade
limestone should be disked into the soil in the final step of site preparation.
A good rule of thumb for clay soils is that it takes 3 tons of limestone per
acre to increase the pH value 1 unit. If a soil analysis indicates an average
pH of 4.5, apply 3 tons of lime per acre to raise pH to 5.5. However, the
loamy soils of the Cumberland Plateau need only 2 tons per acre for the
same effect.

Values of pH higher than 6.5 are unusual and sulphur can be used to
make the soil more acid. As with lime, clay soils require heavier
applications than sandy soils to make the same change in pH. Considering
the high cost of sulphur, broadcast treatment may not be practical; sulfur
may be applied to individual trees after they have been planted.

Phosphate fertilizer will be required if a soil analysis indicates that the
phosphate level is less than 15 Ibs. per acre. Disk 200 lbs. per acre of triple
super phosphate (0-44-0) in the soil together with any limestone required.

While phosphate deficiency is common, particularly in East Tennessee,
potash is usually adequate. Most agronomic crops require a potash level
of at least 110 lbs. per acre, but there is evidence that trees require less.
If a cover crop will be established following site preparation, it is necessary
to provide grasses and legumes with the amount of potash recommended
by a soil analysis. Do not apply nitrogen before planting if trees are planted
without a cover crop.

Increasing site fertility will probably result in increased cost of weed
control. An additional effect of fertilizers, especially those with nitrogen,
is a lowering of soil pH. If the pH is 5 or lower prior to fertilization, lime
should be added with the fertilizer.
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Cover Crops

Bare land is subject to erosion and, depending on slope gradient, varying
amounts of soil will be lost during the first year following site preparation.
Estimates from agricultural crops indicate an annual loss of more than
20 tons per acre. First year soil losses from sloping land prepared for
Christmas tree plantations may be larger than 20 tons per acre if a cover
crop is not quickly established.

Grasses and Jegumes are good cover crops and easy to establish. Use
a mixture of 30 lbs. of rye or wheat, 20 Ibs. of Kentucky 31 fescue, and
2 lbs. of Ladino clover seed per acre. One hundred pounds of ammonium
nitrate or 200 lbs. of 10-10-10 per acre should be applied at seeding time.
The latter formulation is best if a soil analysis indicates marginal levels
for phosphate and potash. Fertilizers and seed should be lightly disked
in during . ugust or September.

Cover crops should be well established before planting trees in late
winter or early spring. To reduce competition with the cover crop, it is
necessary to kill the cover in 2-foot wide strips {tree rows). If the rows
are 6 feet apart, about one-third of the area will be treated.

Chemical Site Preparation

Fescue turfs should be broken up into strips with treatments such as
a Paraquat-Atrazine mix (spring}, Roundup {summer}, or Kerb{winter). If
a substantial amount of woody vegetation is present, it will be necessary
to spray with a phenoxy herbicide such as 2,4-D twice before planting
— first in May and again in August.

Weed control is usually easier to accomplish prior to tree planting. When
there are no crop trees, most types of herbicides can be used, and no
shielding is necessary. Another advantage is that rows premarked with
dead weeds save time during the busy planting season. Chapter 9 has been
devoted to the use of herbicides with an emphasis on weed control in
established plantations.

Drainage

Poorly drained land is not suitable for most Christmas tree species,
although spruce will grow on relatively wet sites. The cheapest way to
drain land is by digging open ditches with a backhoe. However, ditches
restrict the movement of equipment and must be maintained. A more
expensive solution, which does not have any of the problems associated
with open ditches, involves the installation of underground drainage
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systems. Both these methods work if there is a good place to drain the
water. When suitable drainage is not available, it may be possible to dig
a pond.

It is difficult to give specific recommendations for draining. Contact the
Soil Conservation Service before planting any trees since design and
location of the drainage system may affect plantation layout.

Figure 9: Availability of effective herbicides makes chemical site preparation easy
on former pastureland.
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CHAPTER FIVE

PLANTING

Success depends on many factors of which only a few, such as site
preparation, weed control, care of seedlings, and planting techniques, can
be controlled by the grower. Other factors like time of planting and quality
of seedlings can be partially controlled by the grower. Weather is
uncontrollable, and many first-year plantations are destroyed by droughts.

Bare-Rooted Nursery Stock

Age and condition of tree seedlings are designated by a 2-digit code,
e.g., 1-0, 2-1. The first digit indicates number of years the plant was grown
in a seedling bed. The second figure is the number of years it was grown
as a transplant. Total age of the tree from seed is the sum of the two digits.
Transplants usually have larger stem diameters and better devieloped root
systems than seedlings of the same age. Hence, transplants will usually
survive better and initially grow faster. Recommended size and age for
bare-rooted seedlings and transplants are shown below:

Species Height, inches Age and Type
Scotch pine 8 to 12 2-0
Virginia pine 8 to 12 1-0
White pine 8 1o 16 2-0

Norway spruce 8 to 16 3-0 or 2-1
Blue spruce 8 to 16 3-0 or 2-1
White spruce 8 to 16 3-0 or 2-1

Fraser fir 8 to 16 2-1 or 2-2

Douglas fir 8 to 16 2-1

A large top compared to size of root system indicates poorer chance of
survival. Top/root ratios can be improved by pruning the lowest lateral
branches and removing forks. Such pruning will have to be done sooner
or later, and it is much easier to do it before planting than after.

Transplants cost about twice as much as seedlings of the same size. Many
growers of spruce and fir purchase 2-0 seedlings and set them out in a
transplant bed or pots for 1 or 2 years prior to planting. This practice saves
the grower money, insures a supply of large, vigorous transplants, and
permits the grower to plant at a convenient time.

A transplant bed requires reasonably fertile, well-drained soil, and a
source of water. Lime and fertilize in accordance with a soil test, disk the
area thoroughly with a rototiller, and shape the beds to a 4 to 6 foot width.
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In early spring insert seedlings in notches of a transplant board so the
roots hang down against the vertical wall of a cross-bed trench; then pack
loose soil against the roots and remove board.

A spacing of 6 inches between trenches and 4 inches between seedlings
in the rows gives a bed density of 6 trees per square foot, which is ample
room for 2 years growth. Keep transplant beds free of weeds by using
herbicides such as Goal or Poast. Top-dress with ammonium nitrate at
a rate of 0.5 lb. per 100 sq. ft. twice during the growing season. Before
winter, mulch beds with a 1-inch layer of old sawdust to build up organic
matter in the soil and prevent frost heaving.

Container Grown Nursery Stock

Millions of containerized seedlings are grown each year in large
greenhouses. Relatively slow-growing species like Douglas-fir and Norway
spruce can be grown to plantable size in 1 year instead of the 3 years
required for conventional bare-rooted stock. High costs of materials and
greenhouse operations make the production cost of 3-0 bare-rooted
seedlings less than the cost of 1-0 containerized seedlings. Also, shipping
costs are higher due to the bulk of the soil mix.

Containerized seedlings provide Christmas tree growers with 2
advantages. Planting season can be extended and ''planting shock"
reduced due to minimum disturbance of the root system. In Tennessee,
however, containerized greenhouse seedlings have not shown survival or
early growth advantages over standard field grown, bare-rooted seedlings.

Production of potted transplants may be of interest to some Christmas
tree growers. Seedlings with normal needle length and color, but too small
for outplanting, are planted in 1-gallon plastic pots using a mix of bark,
sand, peat moss, lime, and fertilizers. It is difficult to thoroughly mix these
materials, and some growers buy prepared potting mixes from nursery
supply houses. Roots will permeate most of the medium in 1 growing
season, and transplants should be outplanted after 1 year. If pines are held
over for 2 years, they will be potbound and have poor field survival.
Cutting a few slits in the rootmass may improve lateral root development
and survival.

Keep pots free of weeds by hand weeding or applying a herbicide shortly
after potting and as often thereafter as recommended by the manufacturer.
Fertilize with a slow release urea and top-dress with ammonium nitrate
or place slow release fertilizer tablets in the pot. Amounts and frequency
of watering depend on rainfall and potting medium; a greater proportion
of peat moss in the mix will cut down on watering. Heavy watering may
result in root rot, especially if the medium does not drain well. Frequent
inspections of roots and medium is necessary. During winter, push pots
closely together and cover with sawdust to prevent damage from freezing
and thawing.
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Figure 10: Containerized seedling ready for planting.
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Potted plants offer several advantages, especially for small growers. Due
to the large mass of soil, trees can be outplanted anytime except during
drought conditions. Mortality from previous years' plantings can be
replaced with trees the same size as that of the survivors, making it possible
to complete harvesting without having many undersized trees left.

Care of Nursery Stock

Commercial and state nurseries ship seedlings packed in boxes or bags
of moisture-proof material or wrapped in bundles with wet moss. Growers
should check to see that the trees have not dried out and that the correct
number, species, size, and quality have been received. If there is reason
to reject the shipment, the nursery should be notified immediately,
preferably by telephone and then by letter. The grower is required to take
good care of the trees until the complaint is settled.

Trees can be kept in moist moss or other suitable packing material for
several weeks or months when properly refrigerated. Seedlings grown in
southern nurseries should not be allowed to freeze. Most species store
best at 34°F to 37°F. At higher temperatures molding may occur and cause
poor survival. If refrigeration is not available, packages may be kept in
a cool {35°F to 50°F) location for a couple of weeks. Check every few
days to be sure that the roots stay moist. Bags or bundles should be stacked
on pallets or slats. If suitable storage is not available, trees should be taken
out of the bundles or bags and heeled in when they arrive.

""Heeling in'’ refers to storing planting stock in a trench dug in a shaded
area. The soil should be well drained and moist, and the trench should
have a vertical side as deep as the roots are long. Trees should be placed
in the trench in a relatively thin layer and covered with soil above the
root collar. Fill remainder of trench with soil and pack tightly. If properly
heeled in, the plants will remain in good condition for several weeks.

Grading of Nursery Stock

Seedlings from the TDF nursery have not been graded and must be
sorted according to top length and root system development. Keep
seedlings moist while sorting into 3 groups:

1. Tops longer than 8 inches and several lateral roots, each
having a network of fine hairlike roots.

2. Tops shorter than 8 inches or larger seedlings with few
lateral roots lacking a network of fine roots.

3. Seedlings of any size without fine roots and/or having yellow,
short needles.

Prune lateral branches and remove forks from trees in group 1. Such
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pruning facilitates machine planting and improves first year survival. Root
pruning should be avoided; only roots longer than 8 inches should be cut
back to facilitate planting. Seedlings in group 2 should be placed in
transplant beds or pots. Seedlings in group 3 are culls and should be
discarded. Planting such trees results in high mortality, slow initial growth,
and many poor quality trees.

When ordering seedlings from the state nursery, it is important to
consider the result of sorting on number of trees needed for field planting.
Presently, less than half the white pine seedlings are suitable for
outplanting. This situation will probably improve if a TDF nursery is
established in East Tennessee.

The number of plantable trees will depend upon species, genetic quality,
and nursery practices. Private nurseries will sort their seedlings and
transplants according to height and age. Small trees cost less than larger
ones of the same age. Since there usually is a relationship between growth
rate in the nursery and growth in the field, planting larger trees (of the
same age} is recommended.

When to Plant

Growers can plant 6 weeks before Christmas if they are not busy
harvesting and selling Christmas trees. At that time the topsoil is moist,
and the ground is seldom frozen. However, fall planting is not
recommended on poorly drained sites with clay soil or high elevation sites
subject to frost heaving.

Most tree planting in Tennessee is done in late winter and early spring.
The best month for planting barerooted stock is usually March; at higher
elevations planting can continue into April. During January and the first
half of February the ground is often frozen, and there is usually no snow
cover to protect seedlings from desiccation.

General Recommendations

Tree roots must be protected from drying out during the planting
process. Bundles of seedlings should be dipped in a slurry of clay or
commercial water absorbent materials. Keep trees shaded and in moist
packing materials during transport to the planting site. Upon arrival find
a cool location for temporary storage. Planting bags of waterproof canvas
should be large enough to provide room for trees and some moist packing
material. When using planting machines, cover trees in storage trays with
moist packing material.

Planting holes must be wide and deep enough to accommodate the roots
in a natural position. Cramming roots into a small hole does not permit
trees to exploit moisture and nutrients. There are 2 advantages to planting
trees 1 or 2 inches deeper than they grew in the nursery. First, soil
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moisture increases with soil depth during droughts. Second, herbicides
applicd during the first growing scason are less likely to reach and damage
roots.

Roots must be in close contact with soil to take up water. Well-planted
trees should have soil so firmly compacted around the roots that they will
resist an effort to pull them out. Do not plant in freshly cultivated fields
with dry soil.

Straight rows arc an absolute requirement in Christmas tree plantations.
Planting trees in 4 straight line should not be a problem if you have an
experienced tractor driver for the planting machine. For hand planting,
mark rows in advance by herbicide applications or use a string as a guide
when planting. Marking of rows with string will slow planting somewhat,
but it is only neeessary to move the string every third or fourth row if
planters use measuring sticks to locate correct planting positions. Some
growers align trees both between and within rows, which will further slow
down planting but is necessary if cross mowing is used for weed contro).

Hand Planting

Trees can be planted with a dibb]e or planting bar, a spade, a planting
hoe, or an auger. Pines are usually planted with a dibble as they have
long but relatively poorly developed root systems. Transplants of fir and
spruce usually have more roots and are generally planted with a spade
or hoe. Regardless of planting tool used, all workers carrying and planting
their own seedlings is most efficient.

Transplants and seedlings with large root systems should be planted
in holes. Dig a hole 6 to § inches deep with a spade or hoe and make a
cone-shaped mound in the bottom of the hole. Spread roots over the
surface of the mound and cover with topsoil, using hands to compact the
soll around roots. Finish filling the hole with soil and tamp firmly with feet.

Hand planting of 1000 seedlings per day with a dibble is often quoted
in forestry literature, but this rate is not realistic for Christmas tree
plantations. The necessity of planting in straight rows reduces output. Also,

are:

1. Making holes too shallow, resulting in root deformation or
drying.
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Figure 11: The Old Standard (OST) planting bar has a wedge-shaped blade that tapers
to a straight edge at the bottom. The gasoline-powered portable auger is best for
planting large transplants or potted trees. Both tools operate best in light-textured
soils.




Figure 12: The KBC planting bar features a blade with a wide, triangular cross section
that tapers to a point in the last 4 inches. The KBC bar creates a tapered hole that
can accommodate large, bare-root seedlings. It is well adapted to hard, rocky soils.
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Figure 13: Nursery spades are suitable for planting large transplants. Most nursery

spades have thin, flat blades with square or slightly pointed edges designed for
easy digging in loose soils.



a large one-piece blade with
a tapered eye that fi e angle.
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l. Insert dibble at
angle shown and push
forward to uprlght
position.

2. Remove dnbble and
place seedling at
correc! depth.

3. Insert dibble part
way, push and twist

forward ciosing top
of planting shit.

4. Push dibble straight
down to depth of
blade.

2

5. Rock dibble back
and forth to pack
soil firmly against
root.

6. Fill in last hole by
stamping with heel.

Figure 15: How to plant with a dibble.



2. Failure to push the tree to the bottom of the hole and then
pull it up to the proper position.

3. Failure to close the hole tightly. This can easily be
determined by pulling hard on the top of planted seedlings;
they should not come out of the ground.

4. No moss in planting bags or carrying trees in hand while
planting. Roots will dry out very quickly.

5. Failure to plant trees in a vertical position, resulting in stem
crook.

Machine Planting

Many kinds of tree planters are available. Lightweight machines are
adequate on sandy or loamy soils free of rocks and roots. Heavy-duty
planters pulled by 65 to 85 hp tractors are required on clay soils. A machine
with a dual control hydraulic system is desirable so the machine can be
raised and lowered and wheels leveled when planting on slopes.

The Tennessee Division of Forestry has a number of lightweight planting
machines that are available free of charge. They are equipped with a
3-point hitch and can be pulled by a small farm tractor. In addition, TDF
has several Whitfield planting machines, requiring a much larger tractor.

Figure 16: Transplanter for use in contour terrain planting. The packing wheels can
be turned up the hillside to keep the tires from running over planted seedlings.
Rear packing section is spring loaded to keep the packing wheels on the ground
for packing pressure at all times. Photo credit: R. A. Whitfield Mfg.
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Growers can apply at the nearest district TDF office. The Whitfield
machine with a 2-person crew plants an average of 6000 to 7000 trees
per day.

Several times each day, the machine operator should check that seedlings
are planted properly. Key points include proper depth of trench, correct
tracking of packing wheels, and proper closure of the trench by packing
wheels. Root placement can be checked by exposing one side of the
planting trench with a spade. Seedlings planted too shallow {roots will
appear L or U shaped) may have poor survival, especially when they are
poorly packed. The crew may be responsible for a poor planting job by
not placing seedlings in the trench at the proper depth and not releasing
them at the proper time. However, the transplanting machine and soil
conditions more likely will determine the success of the operation. Do
not attempt to plant when the soil is dry and hard or loose due to recent
cultivation.

Replanting

While 70 to 80 percent survival is adequate for reforestation purposes,
less than 90 percent survival requires replanting in Christmas tree
plantations. Replacements must be hand planted. This will significantly
increase planting costs for large operations normally using machine
planting. With low survival {less than 50 percent}, it may be more
economical to start over and replant the whole field by machine the
following year.

Small growers should keep their fields close to 100 percent stocked.
Trees planted the year following original establishment will average 1 foot
shorter at harvest time. If 2 replantings are required, potted trees should
be used for the second replacement; otherwise, the rotation will be too
extended. An empty space is not without cost; land rent, taxes, weed
control, etc. must be paid whether or not the space is occupied by a tree.

Planting for Second Rotation

In large Christmas tree plantations the second rotation is started after
all merchantable trees are cut. Unharvested trees should be cut, piled,
allowed to dry, and burned. It may be possible to sell some poor quality
trees as balled and burlapped stock for landscape purposes. Sometimes
branches can be lopped off cull trees and sold as boughs or used to make
wreaths and roping (garlands).

The second rotation trees can be machine planted between the rows
of stumps. To facilitate mowing, all stumps must be cut close to the ground.
If the second rotation is hand planted, the trees are usually placed between
stumps in the row, using old stumps as a guide for the planting crew.

By hand planting, the second rotation can be started before the first
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rotation is completed. Since most Christmas tree species are shade tolerant
as seedlings, it is possible to interplant near the end of the rotation. For
example, if white pine is grown on an 8-year rotation, Norway spruce can
be interplanted in the rows after the 6th or 7th growing season. Assuming
that spruce is grown on a 10-year rotation, interplanting will reduce
production time by 10 and 20 percent, respectively. It is a practice that
should be considered where land cost is high.

There are some disadvantages associated with interplanting. Interplanted
trees can be damaged in cultural practices or harvesting of the older trees.
Trees of the first rotation may be infested with insects or carry diseases
that can spread to interplanted seedlings. Also, many growers would like
to conduct operations differently in the second rotation: better plantation
layouts, different spacing, straighter rows, etc.

Second rotation plantings can be delayed 1 year after clear cutting to
avoid problems with Pales weevils. This weevil feeds on stumps and roots
of freshly cut trees. However, production losses associated with such a
delay are unacceptable to most growers. A more realistic solution is to
spray stumps with an insecticide.

Since herbicide usage is reduced during the last half of a rotation, there
often is an invasion of hardwood sprouts and vines. Rather than fighting
this problem the entire second rotation, a grower may consider using a
year for eradication. Disking and use of herbicides, which often damage
or kill Christmas trees, will prepare the site for the second rotation. The
l-year delay of planting may be acceptable when land values are low.
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CHAPTER SIX

FERTILIZATION

Fertilization in Christmas tree plantations may promote vigorous tree
growth and dense foliage with good color. Rapid growth, when controlled
by proper shearing, results in improved bud set and greater foliage density.
If other conditions are suitable, fertilizers help to grow trees in the shortest
possible time.

Determining Need for Fertilization

Scotch pine and Virginia pine growing on well-drained sites with
moderate fertility usually will not need to be fertilized. White pine requires
more fertile soil, particularly a higher phosphate level. Phosphate
deficiencies should be corrected before planting since phosphate applied
lo the surface moves very slowly into the soil. Spruces and Douglas-fir
have intermediate fertility requirements. These species usually respond
to moderate applications of nitrogen in addition to phosphate. Fraser fir
is the most demanding species planted for Christmas tree production in
Tennessee. In addition to a high level of phosphate, nitrogen applications
are needed to produce high quality trees within a reasonable rotation.

Trees characterized by slow growth, poor needle color, short needles,
or early shedding may be influenced by factors other than low fertility.
Insects, discases, air pollution, and misapplied herbicides often produce
the same symptoms. In plantations where only an occasional tree appears
to be in poor vigor, it is unlikely that the cause is low fertility. Applying
fertilizers to such trees probably will not be beneficial. When whole or
portions of fields have trees with reduced vigor, there is reason to suspect
a fertility problem. However, fertilization of very dry sites or poorly
drained areas usually will not result in improved growth. Planting of
drought resistant species like Scotch pine on dry sites and draining low
areas are better solutions.

The location of discolored needles on Christmas trees may be indicative
of a particular nutrient shortage. When nitrogen, phosphate, or potassium
are deficient, the lower, older needles are most apt to be discolored because
these elements are readily translocated within a tree. During periods of
stress, these nutrients are translocated to the actively growing terminals.
In contrast, calcium and several of the micronutrients {manganese, iron,
boron, zinc, and copper) are relatively immobile. Leaf discoloration due
to deficiency of these elements occurs in younger needles in upper parts
of the crown.

Low soil fertility is often indicated by lichens, sparse natural weed and
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grass cover, and patches of bare soil. This situation is common on eroded
fields. Growers need to have soil tests made for such areas.

The University of Tennessee Soil Testing Laboratory offers Christmas
tree growers several chemical tests:

Test 1985 Cost/Sample
Basic $2.00
Calcium $1.00
Magnesium $1.00
Zinc $1.00
Iron $1.00
.Manganese $1.00
Organic Matter $3.00
Soluble Salts $3.00

The basic test includes phosphorus, potassium, and pH. Soil sample
boxes arc available at county extension offices. Tests for micronutrients
should be requested only where research or experience indicates a need.
Sites with pH between 5 and 6 have most micronutrients available. In
areas not cxposed to sulphur dioxide emissions from coal-fired steam
plants, there may be a shortage of soil sulphur.

Types of Fertilizers

Most fertilizers are in a granular form and contain one or more of the
three major nutrients: nitrogen, phosphorus, and potassium. Generally,
most Tennessee soils have sufficient potassium for adequate tree growth;
nitrogen and phosphorus are more apt to be limiting. Addition of unneeded
nutrients wastes materials and raises costs. Fertilizers also add to the salt
concentration in the soil and increase chances of poor survival.

Fertilization of newly planted trees can cause mortality depending on
type, amount, and placement of the fertilizer. Each fertilizer has a "'salt
index,”” which indicates the strength of the soil solution after a given
amount is added. The salt index (per unit of plant nutrient} for ammonium
nitrate {35-0-0) is 3.0, for potassium chloride (0-0-50) 2.2, and for triple
superphosphate {0-44-0) only 0.2. It takes 10 to 15 times as much
superphosphate to give the equivalent salt concentration as muriate of
potash or ammonium nitrate. Consequently, phosphate fertilization seldom
causes mortality when properly applied.

How to Apply

The large amounts of nitrogen fertilizers applied to grow high quality
Fraser fir will result in a more acid soil. At a pH below 5.0, problems such
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as unavailable phosphate may occur. Lime should be applied to bring the
pH up to 5.5.

Both nitrogen and potassium fertilizers will cause mortality when placed
in the planting hole, in the closing slit, or on the surface. Only phosphorus
fertilization is recommended at planting time. When bar planting,
superphosphate should be placed in the closing slit. With other planting
methods it is important to place the fertilizer several inches below or to
the side of seedling roots. The amount of superphosphate to apply depends
upon species, existing fertility level, and spacing. A moderate level of soil
phosphorus can be obtained by applying superphosphate at the rate of
100 lbs. per acre. This rate is equivalent to 1 oz. of superphosphate per
tree at 5 x 5 spacing, 1.3 0z. at 6 x 6, or 1.8 0z. at 7 x 7.

Established trees can be fertilized by applying the required amount to
the ground around each tree. No purpose is served by painstakingly
applying fertilizer in a prescribed circle. Granulated fertilizers will scatter
when they are thrown at the base of a tree, and with practice it is possible
to get coverage of about 2 square feet. Broadcasting by hand or with
mechanical spreaders during the first few years after planting results in
loss of materials, especially nitrogen. Also, broadcasting fertilizers
stimulates growth of weeds, resulting in increased competition and
mowing costs. Broadcast application should wait until tree roots have
extended into the middle of rows and can take advantage of added
nutrients.

Use of high analysis fertilizers such as urea {(46-0-0), superphosphate,
or diammonium phosphate (18-46-0} is recommended. These fertilizers
are cheaper to apply than low analysis fertilizers because a smaller amount
is required per tree. Contrary to popular beliefs, high analysis fertilizers
cause less "'burn’’ per unit of plant nutrient than low analysis fertilizers.
When the soil test indicates a need for a balanced fertilizer use 15-15-15
or 19-19-19.

Large and old plantations can be fertilized by broadcast applications from
the air or the ground. Some fertilizer may be wasted, but the cost of lost
material is recovered in reduced application expenses. Fertilization of
individual trees normally stops after the third or fourth growing season;
subsequent applications are made as broadcasts.

When using high analysis fertilizers on small trees, it is important that
the amounts applied be fairly accurate. If 1 oz. per tree is recommended,
2 oz.is not twice as good; 2 oz. may Kkill the tree. It is impractical to weigh
the fertilizer needed for each tree. To solve this problem, weigh out the
desired quantity in a plastic cup or can and trim the container so that it
will hold the exact amount when level full. With some experience it is
possible to use a ""handful'’ as measure but keep checking the ""handful”
against the standard cup.
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When to Apply

If the soil analysis indicates a phosphate deficiency (less than 20 Ibs.
P,Os per acre), apply superphosphate at the time of planting. No other
fertilizer should be needed the first year. However, some Fraser fir growers
apply diammonium phosphate or urea on the surface during May. In early
spring of the following year, trees can be fertilized by surface application
of diammonium phosphate (2 oz. per tree), urea (1 oz. per tree), or
ammonium nitrate (1 oz. per tree).

Pines and spruces usually do not require annual applications of
fertilizers. However, early spring applications of diammonium phosphate,
urea, or ammonium nitrate should be made if trees have poor color, few
or weak buds, or thin foliage. Nitrogen derived from ammonium nitrate
is almost immediately available to the trees, but it is completely absorbed
or leached within 3 months. Thus, many growers make split nitrogen
fertilization on Fraser fir, usually in April and September. Each application
consists of 300 pounds of ammonium nitrate per acre.

If foliage is thin and color unsatisfactory at the end of the rotation, a
broadcast application of about 500 Ibs. per acre of urea or ammonium
nitrate in early spring for 2 years before harvest may make the trees more
saleable. However, some foliage characteristics are under genetic control
and cannot be changed by fertilizer applications.
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CHAPTER SEVEN

SHAPING

Most species of Christmas trees grow slowly the first year after planting.
This time is needed to overcome transplant shock and establish a good
root system. After the second growing season trees should grow much
faster and will develop long leaders and open crowns unless shaped.
Shaping consists of shearing and pruning. Shearing controls the height
and width (taper} of the tree, stimulates bud development, and will
increase the number of branches and needle density. Pruning removes
multiple leaders and corrects deformities in branching.

Shaping is essential to obtain a high proportion of trees that will grade
as U.S. Premium. U.S. Premium trees have no less than medium density,
normal taper, and all four faces (sides} free from any type of damage or
deformity (see Appendix Two).

Tools

Only 3 hand tools are needed to shape Christmas trees: (1) hedge shears
with 8 to 10 inch blades; (2} lightweight shearing knives with 14 to 16
inch blades; and {3} hand pruners. In the South, shearing machines have
gained acceptance. Both backpack- and tractor-mounted machines are used
to increase production per worker and reduce fatigue and accidents.

Some growers prefer knives while others prefer hedge shears. An
adequate shearing job can be done with either tool. Most growers need
both tools especially if pine as well as spruce or fir is produced. The first
shearing consists of cutting back the leader and a few main lateral
branches. This can be done easily and quickly with shears. Shearing 6
to 7 foot pines with knives takes about one-half the time needed when
using hedge shears.

There is some debate among growers regarding merits of the more
“natural,’’ open-looking trees obtained by shearing with hedge shears as
opposed to the dense, uniform appearance of trees sheared with knives.
Studies indicate that many customers prefer a dense pine and a more open
spruce or fir. Therefore, most pine producers use knives while many
growers of spruce and fir (including Douglas-fir) use hedge shears.

Tools must be kept clean and sharp. Dull and dirty tools result in bruised
tree limbs, and workers tire more quickly. It is good practice to take a
break every hour and clean shearing tools with steel wool using kerosene
or rubbing alcohol. Remove all pitch before sharpening. Sharpen knives
first with a file or coarse stone to restore the proper V-shape of the edge,
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Figure 17: Light-weight, battery-operated machines are not limited to flat terrain
and will take some of the hard work out of shearing. Illustration credit: Zum Zum

Products, Inc.

and then use a fine stone to smooth the edge. Movement of the sharpening
tools always should be against the blade. Probably more accidents, mainly
cut fingers, occur when sharpening tools than while shearing trees. Use
of leather gloves will lessen the frequency and severity of accidents.
At the end of each working day, tools should be cleaned, sharpened,
and coated with a film of kerosene or oil to protect them from rust. Knives

should be stored in sheaths.
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Many accidents are associated with shearing knives; most could be
prevented by use of common sense and protective equipment. Keep
workers separated by at least one row of trees. Right-handed persons
should wear a guard on the right leg and shear trees counterclockwise.
Additional protection can be provided by wearing a guard on both legs.
Right-handed persons should also wear a heavy-duty glove reinforced with
staples on the left hand. Reverse the above directions for left-handed
persons. Workers should be instructed to keep their free hand behind them
when shearing and use the hand pruner rather than the knife to correct
for multiple leaders and other deformities. More accidents occur in late
afternoon when workers are hot, tired, and less attentive. To reduce
accidents, it is a good rule to start work at dawn and take frequent breaks
for rest and tool maintenance. On hot days limit work to 6 or 7 hours.

When to Start Shaping

If seedlings were properly pruned prior to planting (see Chapter 5), no
further shaping should be necessary during the first and usually the second
growing seasons. Vigorous white or Scotch pines will require some pruning
the second growing season such as removing forks and pruning leaders
longer than 12 inches. Since Scotch pine has a strong tendency to fork,

Figure 18: In the South, where topography is gentle and the summers are long and
hot, shearing machines have been developed to shape Virginia pine. This species
requires at least 2 shearings each summer. Photo credit: Murphy-Matic, Inc.
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Figure 19: Scotch pine is sheared with a 14-inch-long knife. The worker has a glove
on the left hand and guards on both legs.




it is necessary to cut back competing lateral branches in the top whorl.
Shearing Virginia pine in the second growing season may be one reason
why trees become top heavy with a tendency to fall over. Some growers
have to stake a large proportion of their trees, a practice that probably
could be avoided by delaying shearing for another year.

Spruces and firs normally do not require shaping until the fourth growing
season or when they are 3 to 4 feet tall and long leaders have developed.
Use a hand pruner to cut the main leader back to 12 inches and to remove
multiple leaders, forks, and other deformities.

Time of Year to Shape

The optimum period for shearing white pine is about 1 month long,
between the time the new leader completes its growth and before it
hardens off. In Tennessee this period usually occurs from mid June to
mid July. There is some annual variation, and at higher elevations the
period is a little later. As a general guide, when length of the new needles
is two-thirds of the length of old needles, it is time to shear.

Virginia pine must be sheared twice a year beginning when the trees
are 3 to 4 feet tall. The first shearing should be in late April and the second
in mid July. Don't be afraid to cut into older and thicker branches; up
to a point, the stouter the branch, the more buds it will produce when cut.

Scotch pine is not as exacting as white pine when it comes to shearing
season. Though the optimum season coincides with that of white pine,
shearing of Scotch pine can be delayed until after white pine has been
sheared.

If sheared too early, white, Scotch, and Virginia pines may set more
buds than are desirable. If sheared too late, the result will be few and
poorly developed buds. About a dozen well-developed buds on the
terminal leader are desirable. Most growers shape their spruce and fir in
late summer or early fall after they have completed shearing pines and
while the weather is still agreeable.

How to Shape Pine

Each tree has its own characteristics produced by its genetic constitution
and environment, including site quality, vegetation control, insect damage,
and prior shapings. Trees of poor vigor cannot be made into premium trees
just by shaping. Only healthy, vigorously growing trees have the capacity
to produce an adequate number of large buds after shearing.

Terminal buds in pine produce small amounts of natural growth
regulators called auxins, which inhibit bud formation further down the
leader. When these terminal buds are sheared off, auxin control is
temporarily lost, causing nearby bundles of needles to become buds. The
bud nearest the cut end usually becomes the new leader; lower buds
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become lateral branches. :

Most pine growers cut leaders back to 10 to 14 inches. The longer length
is chosen for vigorous trees because they form more buds further dowr
the leader. These buds will develop into more branches, causing shorteri
gaps between branch clusters. Trees with poorly developed terminal bud!
clusters should be cut back to 10 inches or shorter. Remember that only
needle bundles can become buds; always leave at least 10 needle bundles.;

When trees do not have a central leader, select a strong lateral branch|
as a new leader. Force the new leader into an upright position by using|
the stem section of a large weed, such as goldenrod, to wedge it in place
among other laterals. When a leader has died, tie a lateral branch to the
dead leader using natural materials such as tough grasses that will rot away
and not strangle the treec.

After the leader has been cut to proper length, shear lateral branches
to give the tree a desirable shape. Give special attention to the new laterals |
at the base of the leader. Thesc are often cut too short. Proper length is
3 to 5 inches shorter than the terminal. Do not shear trees too “tight”;
this results in an unnatural (“tinroof’') appearance. Excessive shearing
removes so much foliage that tree growth is slowed, the rotation is
prolonged, and production costs are increased.

Since old wood (previous year's growth) of white pine cannot produce
buds, only the current year's growth should be sheared. Unwanted old
wood should be removed with a hand pruner. Virginia and Scotch pine
will regenerate buds in needle bundles on previous year's growth. With
these 2 species, mistakes made in a previous season can usually be
corrected.

Christmas trees should be shaped like a cone with a uniform taper. To
obtain marketable pine Christmas trees with a taper of approximately 75
percent, it is not necessary or desirable to maintain this taper during the
whole life of the tree. It is best to start shearing a tree to about 90 percent,
and then gradually reduce the taper until the desired 75 percent has been
obtained at maturity. The reason for developing a young tree with a wide
crown is to produce more uniform growth over the entire tree. A slender
tree produces vigorous leaders and “shoulders’ ({lateral branches towards
the top) but very little growth from the ground up to the “shoulders." This
results in a lack of foliage density in the lower part of the tree.

Trees of proper size and shape to be marketed the following Christmas
should receive special attention. These trees should be shaped by the most
experienced workers. The last shearing should be lighter than the previous
ones; less foliage should be removed to give trees a natural look. Light
shearing is especially important for white pine since the current year's
crop of needles is all that will remain on the trees at time of sale.
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40% 90%
T aper Taper

Figure 20: Taper refers to the relationship of the width of the tree fo its height.
For example, 70 percent taper means the width is 70 percent of the height. The
following terminology is used: less than 40% = Candlestick, 40-90% = Normal,
and more than 90% = Flaring. (Reprinted from United States Standards for Grades
of Christmas Trees, USDA, 1973.)

How to Shape Spruce and Fir

Spruces and firs naturally develop many lateral buds along the current
feader; theretore, it is not necessary to shear to get good bud set. Shearing
of spruces and firs should be lighter than for pines to obtain the same
quality.

Shaping is started by using a hand pruner to cut back the leader to about
12 inches. Make this cut above a strong bud and at an angle down towards
that bud. To prevent forking, break off any buds near the one selected
to be the new terminal. Proceed to shear lateral branches to obtain a cone
shape using hedge shears or knives. Use the hand pruners to remove "turn
backs.” Such erratic shoots interfere with normal branch development,
particularly in Fraser fir.

Basal Pruning

When trees are 3 to 4 feet tall, bottom branches may be removed so
that a limb-free handle about 8 to 12 inches long is produced at the base
of the stem. The handle is that portion of the trunk that fits into the tree
stand. If basal pruning is done too soon, it can reduce tree growth. Also,
early base pruning may increase the chances of having Virginia pines fall
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Figure 21: A smooth stem is obtained when the cut is made down towards the bud
at about a 45 degree angle.

over. Some growers, especially those who sell a number of live Christmas
trees, have chosen not to do any basal pruning.

To meet U.S. Premium Grade standards, it is usually necessary to have
at least four strong branches in the bottom whorl. Removing incomplete
whorls above the minimum handle length will accomplish this. However,
such basal pruning will reduce tree size or increase rotation length.

Lammas Shoots

Normally, white pine has only one flush of growth per year, taking place
in April and May. After the initial flush, growth is usually limited to needle
elongation, stem diameter growth, and root development. However, some
trees will have a second, although shorter, flush of growth in the top. This
growth originates from buds formed earlier in the summer and is called
“lammas shoots."’

The percentage of trees having lammas shoots, number of shoots per
tree, and length of shoots varies with genetic makeup, soil and water
conditions, and timing of summer shearing. If available soil moisture is
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high in August, a large number of trees will exhibit lammas growth. Early
shearing will increase both the number of trees with lammas growth and
length of shoots. This is one of the reasons why younger plantations should
be sheared first {June), while shearing of marketable trees can be delayed
until late summer.

Most growers believe that lammas growth is detrimental because it may
disfigure a tree. Leader elongation and resulting yellow-green juvenile
foliage on top of dark-green, mature needles is certainly undesirable when
trees otherwise are ready for market. On the other hand, lammas growth
may be used to a grower's advantage during preharvest years by reducing
time needed for growing a marketable product.
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CHAPTER EIGHT

PROTECTION

Trees must be protected from destructive agents until harvest. Most
agents are highly unpredictable, and some, like drought, are not con-
trollable. Others, like weeds, are more predictable, and control measures
can be planned in advance.

Weeds, insects, and diseases are commonly referred to as pests, and
chemicals used to control them are called pesticides. It is often economical
and convenient to apply a mixture of two or more pesticides. These
products must be compatible with each other, or sedimentation may occur,
which causes poor distribution as well as clogged equipment. Labels and
compatibility charts are helpful in making up tank mixtures. When trying
a new mixture, it is better to mix up a small amount of pesticides with
water in the proper proportions. Everything should mix well when the
mixture is stirred or shaken and should not settle out rapidly upon
standing. It is risky to mix two different types of formulations, for example
wettable powders (WP or W) with emulsifiable concentrations (EC or El.

The inclusion of a pesticide in this publication does not necessarily mean
that the Environmental Protection Agency (EPA) has presently cleared its
use. Neither does it imply an endorsement by The University of Tennessee.
It is the responsibility of applicators to read the label to determine if the
compound is legal to use. Applicators should also be aware that labeling
can change. As new pesticides become available, Christmas tree growers
should contact their local extension office to determine if they are
recommended.

Applying a water-soluble pesticide by spraying is the most common
control method. Equipment ranges from hand-operated backpack sprayers
to tractor-mounted mist or spray equipment. Choice of equipment is
governed by size of operation and accessibility of the trees with a tractor.
Most garden tractors can be fitted with a pump and a 20 to 30 gallon
capacity tank. If equipment has been used for herbicides, rinse 3 times
with water and a good detergent before applying insecticides or fungicides
to crop trees.

Addition of a spreader or wetting agent to the tank mix will usually
improve effectiveness. If spray droplets bead up on the foliage, add more
spreader. If spray droplets run together and off the lower edge of leaves,
reduce the amount of spreader. The combination of nozzle orifice and
pressure is important for proper application of pesticides. Herbicides are
applied using low pressure {20-30 1bs.}. Some growers even use a flooding
nozzle. Fungicides and insecticides require small openings and high
pressure, about 100 lbs.
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Only use recommended doses of pesticide. The f{ollowing table of
equivalent measures will be helpful:

3 level teaspoons = 1 tablespoon
2 level tablespoons = 1 fluid ounce
8 fluid ounces = 1 cup
2 cups = 1 pint

2 pints = 1 quart

Moderately to highly toxic pesticides require an applicator’s license. In
Tennessee, users of these pesticides are required to attend an approved
training session to be certified. Such sessions are given by the extension
leader in each county.

Safety

Many chemicals are available to Christmas tree farmers, including some
very toxic herbicides, insecticides, and fungicides. All must be transported,
stored, and applied with care.

When working with these pesticides, it is important to avoid skin contact
by wearing gloves, a long-sleeved shirt, overalls, and a hat. Wear a
respirator when using chemicals in a powder form or a fine mist. Exposure
to pesticides is increased by applying chemicals on windy days.

Great care must be exercised in handling the concentrates, especially
in mixing. Never use more chemicals than recommended. Many problems
with pesticides are avoided through proper dilution with water.

In addition to protective clothing and dilution, time may be the most
important factor in protection of workers. Pesticides take time to be
absorbed. Work clothes may become nearly saturated with chemicals, but
if clothes are washed daily, chances of absorbing these chemicals diminish.
Work clothes should be washed separately from regular family clothes.
Workers should take a thorough shower each evening after using pesticides
and wash hands between working with chemicals and eating or smoking.

Children have been poisoned by ingesting improperly stored pesticides.
Store chemicals in labeled containers under lock and key.

Fire

In Tennessee two-thirds of the forest fires are incendiary; one-third are
accidental. Fires in Christmas tree plantations are also man-caused. Fuels
present determine a fire's potential to spread, to do damage, and to resist
control efforts. Current weather conditions determine the extent to which
this potential will be realized.

Most Christmas tree plantations are laid out with harvest lanes spaced
12 to 20 rows apart. When mowed, these lanes tend to reduce the spread
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of fires and provide fire fighters easy access. Under extreme conditions
these lanes could be used to start backfires. To prevent fires from burning
into a plantation, fire lanes should be disked around boundaries, especially
where a plantation borders high risk areas such as railroads, highways,
and garbage dumps. If a grower does not have ready access to a tractor
and disk, a non-selective herbicide for bare ground control may be used.

There are 3 types of fires: incendiary, accidental, and controlled.
Incendiary fires are always undesirable, and there is little one can do to
prevent them except patrol during days of high fire danger. Accidental
fires may be started by the grower or a neighbor. It often starts as a
“controlled fire,''but because of poor judgment or change in weather
conditions, the fire gets away. If a neighbor started the fire, that person
is liable for any damage caused by the fire. Similarly, the grower is liable
for damages of a fire started on the grower's property. As opposed to
incendiary and accidental fires, a controlled fire is confined within
previously constructed fire lanes and is kept under control by a properly
equipped crew. Tennessee Division of Forestry personnel are available
to give advice on construction of fire lanes and proper burning procedures.

For a Christmas tree grower there are 2 situations that may call for a
controlled fire. First, fires may be prescribed to burn wood out of
windrows created in site preparation. Second, a controlled fire may be
used at the end of a rotation to consume cull, diseased, and insect-infested
trees after they have been cut and left to dry. Before starting a fire, check
to see what is downwind; smoke could drift into a neighbor’s house or
create hazardous driving conditions.

In Tennessee it is unlawful to start any open fire between October 15
and May 15 within 500 feet of woods or grasslands without first securing
a permit. Such permits may be obtained from most TDF employees but
not sooner than 24 hours prior to the time set for the fire. The exception
to this rule is that after 5:00 p.m., when the relative humidity usually goes
up and the temperature drops, no permit is required. During days of high
fire danger, keep a backpack sprayer filled with water in your vehicle
at all times. Also, carry a chemical fire extinguisher when operating power
equipment. Exhaust sparks and broken fuel lines are common causes of
fire. In addition to saving expensive equipment, the fire extinguisher may
save a few thousand dollars worth of Christmas trees. If a fire gets started
and the initial control efforts have failed, immediately call for professional
help. The sheriff’s office in each county has a list of fire control units
operated by TDF and will relay the call.

Trespassing
Most trespassers have no intent to steal or destroy property. Hunters
may occasionally be a nuisance, but the risk landowners take by permitting

this type of activity is not great. Current Tennessee law (Tenn. Code Ann.
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Sect. 51-804] frees landowners from all liability if a nonpaying guest is
injured unless {1} the injury results from willful or malicious failure to
guard or warn against a dangerous condition, use, structure, or activity
{Tenn. Code Ann. Sect. 51-805-1) and ({2} except in situations where injury
was caused by persons granted permission {such as hunters) to other
persons with legal reason to be on premises (Tenn. Code Ann.