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GUIDELINES FOR FALL PLANTING

Second approximation guidelines are proposed for fall planting — that
which is carried out from the end of August until the end of October. These
guidelines are based partially on operational field experience and partially
on research results, but have not been experimentally tested to verify their
validity. They are intended as a recommendation of how successful fall
planting should be done — not as an enforceable policy. It is suggested that
anyone interested in using the guidelines should also read the accompanying
background report.

Unless the criteria in the following guidelines can be achieved, fall
planting on an operational scale should be avoided.

Numbering does not imply relative importance.

1. Soil at the time of planting must be moist. Several observations
should be made to ensure that at least the top 25 cm (10 inches) of
mineral soil are moist. The available literature indicates that
optimal soil moisture tension is 1 bar or less. A simple soil
tensiometer can be used to determine soil moisture tension less than
1 bar.

2. Soil temperature should be at least AOC, preferably higher,
measured at the depth of 15 to 20 cm under the mineral soil surface.
Minimum recommended soil temperature depends on tree species and
provenance. Species and provenances of higher elevations are adapted
to lower soil temperatures.

3. Air temperature should be lower than 18°C and wind velocity less
than 30 km/hr at the time of planting. Vapour pressure gradient is
the determining factor in evapotranspiration and use of a
psychrometer in conjunction with the tables proposed by Cleary,
Greaves and Hermann (1978, Appendix C) is recommended.



Plug and container stock are preferable to bareroot.
Stock quality must be high. Trees must be healthy and the foliage
dark green. The stock must have well formed buds at planting time.

6. Stock should be lifted from moist soil (soil moisture tension less
than 1 bar) or watered immediately after lifting.

7. The planting stock should not be stored. The time between lifting
and planting (to sort and transport, for example) should be kept to a
minimum, no longer than two to three days. Where transportation is
necessary, the planting stock has to be protected from overheating by
being kept in cooled transportation units at 2°C* (the recommended
temperature of the air in the immediate vicinity of seedlings). If
proper timing of lifting and planting cannot be achieved, it is
recommended that fall planting be abandoned and replaced by spring
planting.

8. Planting quality has to be high. Planting microsites should have
deep, stable, well-drained soil that is free of large obstructions,
and they should be shaded from the south and west, especially on hot,
dry sites. Seedlings should be planted straight with roots fully
extended downwards. The soil has to be firmed around seedlings to
ensure proper contact between soil and roots. There are indications
that fall planting is more sensitive to planting guality than spring
planting.

9. The difference between nursery and planting site climate should be
minimal, which means planting sites should be located in the same
biogeoclimatic subzone as the nursery. Where transfer to other
biogeoclimatic subzones is unavoidable, conditioning to adapt stock
to the different enviromments should be considered. When planting in
a considerably cooler climate (such as at a higher elevation) than
that at the nursery of origin, the seedlings may suffer frost damage

without conditioning.

*There 1s some disagreement about whether temperature should be 20C or 70C.
Recommended temperature depends on species, provenance, stock type and time
of lifting.



10.

11.

12.

Avoid fall planting in areas with low annual snow cover (less than
50-70 cm) and soil frozen deeper than 5 cm since seedlings may suffer
from frost heaving and winter desiccation.

Should a tree species be planted in an area where it is rare,
protection against wildlife browsing may be necessary.

Survival and growth assessments should be conducted for a number of
years (six to eight) to provide unbiased information. Survival after

only one or two years may be misleading.



plantations. A total of 1600 bareroot 3+0 seedlings, 8-82 cm high (3-32
inches) were spring and fall planted. The rates of fall planted seedling
survival after two years was 65.4%, which was significantly lower than
survival of spring planted seedlings, at 86%.

4.3 Operational Knowledge and Experience in the Vancouver Forest Region

A review of existing knowledge and experience was carried out through
telephone and, to a lesser extent, personal interviews with foresters
employed by the Forest Service and the forest industry. A list of people
contacted is appended.

4,3,1 B.C. Forest Service

Operational trials evaluating the performance of various tree species
and stock types in relation to time of planting were established by H.
Hahn (1982).

The trials were established between October 1975 and June 1977. All
plots were located at high elevations, from 1050 to 1200 m.a.s. in the
CWHd and MHa Biogeoclimatic Subzones. The operational trials were
assessed six years after establishment for percent seedling survival,
height growth, and seedling damage. Results indicate the following
trends: 1) survival of October planted seedlings was generally lower
than that of May and July plantings; and 2) in most cases six-year height
growth and leader growth were considerably lower on October, rather than
on May and July, planted seedlings.

The data accumulated by Mr. Hahn over many years are summarized in
Table 1. The information is based on operational survival studies
carried out over the time spans indicated in the table.



Table 1. Comparison of the survival of operationally fall and spring planted
seedlings in the south coast mainland and coast interior transitional

Zones

Species Container Bareroot
(PSB)

Douglas Fir

Western
Hemlock

Mountain
Hemlock

Western
Redcedar

Yellow-cedar

Engelmann
spruce

Amabilis fir

Lodgepole
Pine

Grand fir

Noble fir

1971-1978: 5% higher survival
with spring planting. Fall
discontinued in 1978.

1962-1975: 15% higher survival with
spring planting. Fall planting
discontinued in 1975.

Bareroot planting discontinued in 1970
because of poor survival with spring
and fall planting.

1978-1981: 36% higher survival
with spring planting. Fall
planting discontinued in 1981.

1976-1981: 14% higher survival
with spring planting.

Not planted in the fall.
Not planted in the fall. Planted once (fall 1975) and failed.

Insufficient data for comparison;
it will only be used as bareroot.

1978-1981: 28% higher survival
with spring planting.

1973-1981: No difference in
survival between fall and
spring planting.

1970-1979: 13% higher survival
with fall planting. Bareroot
planting discontinued in 1979
because of 15-29% lower survival
than with PSB.

Only fall planted once (1977)
50% survival.

Insufficient data at this time.
Operational trials reveal
little or no difference in
survival.

1972-1975: 11% higher
Survival with spring planting.

Only fall planted once (1974)
71% survival.

Was never planted in the fall. Recommended for
early spring planting, since it has only been
used on low elevation sites.

Limited information to date reveals
poor survival with spring and
fall planting.

Limited information reveals
lower survival with fall
planting.

Plantations were established between the last week of September and the
first week of November (fall) and March through June (spring).



- 10 -

Campbell River Nursery (under supervision of Mr. R.G. Hudson) is one
of the producers of planting stock for fall planting. According to Mr.
Hudson, fall planting of Douglas-fir, western hemlock, Engelmann spruce
and lodgepole pine is feasible, and produces survival rates and initial
growths that are closely comparable to spring planting. It is, however,

necessary to follow certain rules:

Fall planting should not start before soil is well moistened by
rain. Sufficiently moist soil is one of the essential prerequisites
to successful fall planting.

The time lapse between lifting seedlings from the nursery and
planting them should be minimized.

Seedlings have to be well protected against desiccation during
transportation.

Containers are a better choice for fall planting than bareroots.
The quality of planting has to be high.

The dormancy on western hemlock stock should be induced by blackout
treatment. However, dormancy does not necessarily equate with frost
hardiness. Seedlings may be dormant yet not frost hardy. In
addition, blacked-out seedlings may become sun intolerant and may be
damaged after planting by prolonged sunshine exposure. The timing of
all stages of the planting operation is particularly crucial with
western hemlock. The problems associated with planting of hemlock
are very complex and further experiments are recommended.
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At present, approximately 95% of Campbell River Nursery stock is
spring planted and 5% is fall planted.

4.3.2 Forest Industry

Industrial foresters were selected for interviewing according to
their known involvement with fall planting. No attempt was made to
interview representatives of all forest companies operating within the
Vancouver Forest Region or all foresters practicing silviculture with any

one forest company.

Representatives of seven forest companies operating on the coast were
interviewed. The interviewees are listed in alphabetical order by

company name in the appendix.

B.C. Forest Products Ltd. has been fall planting for many years, and
has evaluated spring and fall plantation survival for a 1l0-year period
(1968-1977) on TFL 22. Survival surveys were usually conducted one year
after planting and covered an area of approximately 5800 ha (14 500
acres) for each spring and fall plantation established during the 10-year
period. The average 10-year survival rate for spring planting was 63%,
and for fall planting, 66%. Approximately 90% of both spring and fall
plantations were Douglas-fir and the remaining 10% other species,
predominantly western hemlock. Most of the fall planting was conducted
at higher elevations, between 300 and 900 m.a.s. (1000 to 3000 ft.
a.s.). Obtaining high rates of survival for western hemlock was more
difficult than obtaining comparable results for Douglas-fir. The
planting stock was well hardened (i.e. sown early) and the stock was of

high quality.
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Canadian Forest Products Ltd. is not presently fall planting. The
company did fall planting in the 1960's and 1970's, but had a very high
mortality rate, about 50%. The reason for such a high mortality rate was
probably unsuitable planting stock, bareroot Douglas-fir. After many
years of spring planting only, the company will start fall planting again
in 1984 and is considering an increase of fall planting in the future.
Douglas-fir, western hemlock, and amabilis fir are the species to be fall
planted, predominantly as container stock and mainly at higher elevations.

Crown Zellerbach Ltd., Courtenay Division, has done a lot of fall
planting. The survival rate is remarkably high, above 90%. Engelmann
spruce, mountain hemlock and lodgepole pine, all of PSB 313 stock, are
planted on high elevations, up to 1000 m. Planting is done from the
beginning of September until the middle of October. Douglas-fir and
western hemlock, PSB 211, are planted on low elevations (less than 300
m.a.s.) in late August and September. The company considers proper timing
to be the key factor to high survival rate. Fall planting should not
start until the soil is sufficiently moistened by the first fall rains.
Soil moisture appears to be the crucial factor.

MacMillan Bloedel Ltd., Kelsey Bay Division, was engaged in fall
planting, but the practice was terminated due to high mortality rate.
Douglas-fir barercot 2-0 and western hemlock PSB 211 were planted in
September and October. Fall planting research is presently being
conducted within the company by Glen Dunsworth (personal communication).
Although MB has not been very successful with operational fall planting,
their research trials yielded good results. The reason for this
discrepancy is probably the variable soil moisture content in the fall.
The research effort of the company is currently focused on: determining
soil moisture tension and the relationship between root activity and soil
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moisture tension; quantifying root activity (Dunsworth and Kumi 1983);
stimulating root flush; and reviewing knowledge on root phenology
(Dunsworth 1981).

Pacific Forest Products Ltd., Lake Cowichan Division, was not very
successful with fall planting. Douglas-fir bareroot, mudpack and plugs
were previously planted at elevations up to 750 m.a.s. (2500 ft a.s.).

In 1982, however, plantations were established up to 1000 m.a.s. (3200 ft
a.s.). In both cases planting was carried on in late September and
October. Smaller quantities of bareroot amabilis fir and western hemlock
plugs were also planted. The fall planting will likely continue in
1983/84.

According to P.F.P. personnel, the major obstacle to fall planting is
the type of climate prevailing on the southern part of Vancouver Island
where their forest land is located. The soil becomes sufficiently moist
for fall planting late, usually towards the end of October, due to the
late start of fall rains. By the time soil moisture is sufficient for
planting, soil temperature is too low to support root growth. On the
other hand, when soil is warm enough to plant, it is not moist enough.
The fall plantations are crippled either by lack of moisture or low soil

temperature.

Tahsis Company Ltd. in Gold River has fall planted limited amounts of
Douglas-fir and.western hemlock over the past 20 years. They experienced
a fairly consistent survival rate that was 10% lower than that of spring
planting. However, due to late snowfall and restricted access to some
higher elevation areas, the company plans to continue with fall planting.

Western Forest Products Ltd., Jordan River Division, has been fall
planting western hemlock, stock type PSB 313, since 1974. The Company
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has experienced some disastrous failures, but generally the survival is
good, at a rate of about 75%. The planting sites are located at
elevations up to 550 m.a.s. (1800 ft. a.s.). Their experience indicates
that fall planting yields better results than does spring planting.

The Port McNeill Division of Western Forest Products has been fall
planting spruce and western redcedar, both plugs and bareroot, for 10
years. They plant approximately 1.3 million trees in the spring, 0.25
million in the fall. Although fall planting yields lower survival rates
than spring planting, the fall planting survival rate is still close
to 90%.

4.4 Review of Fall Planting in North America and Northern Europe

Planting season appears to be a rather neglected topic of
investigation among researchers. A computer Search of the CAB ABSTRACT
database (1970-1982) produced only 49 articles. The search was limited
to North America and north and central Europe (including Norway, Sweden,
Finland, Denmark, United Kingdom, Ireland, Germany, Poland, Soviet Union,
Austria, and Switzerland). Forestry Abstracts were searched for articles
published between 1959 and 1970.

Only a limited number of articles revealed useful information. The
majority of reviewed articles on planting season was published in
Europe. This review is prepared in three sections: Canada, United
States and Europe. In addition, one pertinent article from Japan is

reported.

Canada

In southern Ontario, Pinus banksiana was planted every two weeks from
May to October (Bunting and Mullin 1967). Assessment at the end of the
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first growing season indicated that fall planting was almost as
successful as spring planting. Evaluation after 15 years did, however,
show that although trees planted in August, September, and October had
very high first-year survival, they suffered heavy mortality in later

years.

Mullin (1968) summarized results of plantings conducted throughout
Ontario. Planted tree species were Pinus resinosa and P. strobus, and

Picea glauca and P. mariana. Spring planting was best for the pines,

whereas spruces did equally well with spring or fall planting.

The root regeneration potential of fall-lifted 2+0 white spruce
nursery stock was studied, after its transplant into soil maintained at
8%, 10%, and 15% soil moisture content (SMC) (Day and MacGillivary
1975). At 15% SMC (or 0.1 bar soil moisture tension, SMT), close to
field capacity, root regeneration began 10 days after transplanting and
root elongation continued at a high rate for the remainder of a 40-day
study period. At 10% SMC (0.6 bars SMT) root regeneration was delayed
until 20 days after transplanting and root elongation was at a slower
rate. At 8% SMC (1.5 bars SMT) root regeneration and elongation was
negligible. Plant moisture stress measured at 40 days was lowest when
root regeneration was highest, and vice versa (Day and MacGillivray 1975).

United States

Fall planted Larix decidua in New Hampshire, on well drained sandy

soil and loamy soil, had a higher survival rate than those planted in
spring (Baldwin 1964).
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Experiments conducted in Wisconsin with container grown pine, spruce,
and larch indicate that planting through all growing seasons is possible
if vegetation control is adequate (Phipps and Noste 1976).

In Minnesota, plug pine and spruce seedlings were planted from June 7
to August 28. After four years, survival for the June planting was
70.5%, for August planting 84% (John et al. 1977).

An experiment was conducted in Oregon to evaluate the relationship
between size and survival rate of bareroot 2-0 Douglas-fir seedlings. It
was recommended on economic grounds that seedlings below a minimum weight
of about 4 g (about 12 cm height) be discarded so that better survival
rates might be achieved, regardless of the time of planting (Zaerr and
Lavender 1976).

A study in northern Idaho showed that first-year survival of spring
planted Douglas-fir, Engelmann spruce, grand fir and western larch
seedlings was generally better than survival of fall plantings (Sinclair
and Boyd 1973). However, despite these findings, it was felt that fall
planting could be necessary on high elevation sites in Idaho, because the
time between snowmelt in spring and the onset of very hot, dry weather
can be insufficient to complete the job. Fall planting is most likely to
succeed if the ground is quickly covered by snow, since this protects
seedlings from frost heaving and desiccating winds (Seidel and Cochran
1981).

According to Cleary (1971), planting should be temporarily suspended
when high temperatures and wind velocities and low relative humidity of
the air cause excessive water loss from seedlings. As a general rule,
air temperature should be between 0° and 18°C (32° and 64° F) and
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wind speed should be less than 32 km/hr (20 mi/hr) for planting seedlings
without undue risk. Relative humidity of the air is expressed as wet
bulb depression which is measured with a psychrometer. Weather
guidelines for planting were proposed by Cleary et al. (1978).

Europe

In western Norway, Brekken (1965) demonstrated on a series of trials,
conducted with 2+2 spruce at altitudes from 30 to 300 m.a.s., that
planting could be done successfully as soon as the soil had thawed in the
spring and right through until November.

Survival of container spruce and pine was evaluated in eastern Norway
(Sandvik 1975). Autumn planting was less favourable for container
seedlings than was planting in spring and early summer.

An extensive study on mortality of spruce after fall planting was
conducted in Norway by Solbraa (1972). The objective of the study was to
determine how the mortality of trees planted in the field from August to
October in several soils of different drainage capacity varies with the
physiological condition of the plants, temperature, rainfall, height of
water table, and soil type. The field studies were complemented with pot
experiments in which plantings were made from April to October. The
study produced the following conclusions: Plants should not be lifted
from dry soils; plants can be stored outdoors in shade, but cold storage
should not be used; soils with poor internal drainage, and areas that
have high water tables or are exposed to low temperatures, should not be
planted or used for heeling in plants in autumn; NPK fertilizer should
not be added to peat at the time of planting if there is a possibility of
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excessive soil moisture after planting; and, with careful handling,
planting out on well-drained soil that is not particularly exposed to
frost gives good results, at least until the end of October.

The performance of pine paper pot planting stock was tested in
south-eastern Sweden (Delfin 1974). The seedlings raised in paper pots
were outplanted from May to October. Results one year after planting
showed that both spring and summer plantings survived well (80-90%).
Early frost in the autumn was thought to be the cause of poor survival

from September and October plantings (50%).

An almost identical experiment was conducted in northern Finland
(1at. 66° 20' N) by Kinnunen et al. (1974). Pine seedlings raised in
paper pots were planted at different dates during three growing seasons.
During the first growing season, mortality was greatest among seedlings
planted early in the summer. In the following years the differences in
mortality and height growth between early and late planted seedlings
almost disappeared. It was concluded that in northern Finland the date
of planting has no long-term effect on early growth of container-grown
Scotch pine, and with careful handling seedlings may be planted safely
throughout the growing season.

Another study conducted in Finland, with Scotch pine on drained open
flatlands (Paivanen 1971), reached a different conclusion. Pine
seedlings were planted at different dates during three growing seasons
and measured for six consecutive years. Plantings before mid-May or
after mid-August were less successful than those in June and July.
Differences in height growth between trees planted on different dates

tended to increase with increasing age.
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In Denmark, barerooted stock of noble fir (Abies procera) was planted

under similar conditions on 20 dates from March 1974 to March 1975 (Koch
1978). Tree survival was positively correlated with soil moisture at
planting time. A comparison of 72 plantations suggested that mortality
was greatest on better sites or in plantations on agricultural land.
Mortality increased with increasing intervals between lifting and
planting and with increasing soil pH. April was the most suitable
planting time with regard to survival.

In West Germany, spring and fall field plantings of Douglas-fir were
conducted on alluvial sand in an area with mild winters near Karlsruhe
(Heid 1960). Autumn planted 1+2 stock survived and grew better than
spring planted stock. Planting method had no visible effect, but

moisture conservation and frost protection were important.

In France, the growth and establishment of barercoted and
containerized seedlings of Norway spruce, Douglas-fir and Corsican pine
were compared (Marquestaut 1976). 1In all but two cases survival and
growth of barerooted seedlings were better. However, in four trials of
out-of-season and high altitude planting the container- grown seedlings
grew and survived better.

In Hungary, an experimental fall planting of coniferous seedlings was
undertaken by Barthos (1958). The bareroot 1+0 stock was planted in
Rugust and September in auger-made holes. The survival of 91-98%
surpassed that of spring or later autumn planting.

In the Soviet Union, several experiments on fall and year-round
planting are reported. Trials were undertaken in North Kazakhstan, an
area with a strong continental climate, long cold winters and hot dry
summers, to determine the optimum planting season for Siberian larch
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(Larix sibirica (Verzunov 1981). The planting was done in April and May

and in September and October, in the open steppe on clay-loam and
sandy-loam chernozems, and on logged areas with fresh or moist grey
forest clay-loam soils. The results indicated that autumn planting was
best on the moister sites, but that early spring planting was preferable
in dry steppe conditions.

In the Archangel region, three-year-old seedlings of Scotch pine and
Norway spruce were planted out at 10-day intervals from August 10 to
October 20 on two forest sites (Tutygin 1969). It was concluded that
planting can be done safely in late summer, after the seedlings stop
growing, and in the first half of September, provided that there is no
danger of frost heaving.

In Belorussia, planting was done in 5 to 15 day intervals from April
20 to October 15 (Berzov 1969). The data on survival and growth
indicated that planting should not be done in summer and autumn, but that
planting date within the spring period has little or no effect on

survival and growth.

Japan

An original approach to determining best planting time for Abies
sachalinensis was used by Tamari (1967). Two-year-old seedlings were

transplanted at four different times from mid-September to late October,
and measurements were made of 1) new root development, 2) moisture
content of shoots, 3) reducing-sugar content (as an indicator of
metabolic activity), and 4) starch content. The later the planting date,
the greater was the reduction of root development, shoot moisture



- 21 -

content, and reducing-sugar content in roots, and the greater was the
increase of starch content. Tamari concluded that transplanting after
the middle of September was not desirable.

4.5 Summary of Existing Information

From the research trials reported within the Vancouver Forest Region,
North America, and Europe, and the operational experiences gathered from
the Vancouver Forest Region, a number of points about fall planting can
be summarized:

Results of fall planting can equal those of spring planting.
Success of fall planting is determined by tree species, stock
type, stock handling, ecosystem type, planting quality, planting
time, and the interactions of these factors.

Bareroots and mudpacks are less suitable for fall planting than
are plugs and other containers.

There is no indication that any of the eleven tree species
planted in the V.F.R. can not be fall planted.

There is an indication that certain ecosystem types may have
inherent properties (either climatic, edaphic, or biotic) that
make fall planting generally difficult or even impossible for
certain tree species. Examples include climate on southern
Vancouver Island, browsing damage on certain tree species
(western redcedar), and frost heaving on some sites.

Planting quality is more critical in fall planting than in
spring planting.

Fall planting is not suitable for sites with low snow cover and
frozen soil since seedlings suffer from frost heaving.

It is critical that soil at the time of planting is
"sufficiently” moist, although "sufficiently" has been poorly
guantified. One publication which dealt with white spruce only.
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There are indications that survival and growth of fall planted
trees have to be evaluated for a number of years (6-10 years) to
provide the unbiased picture. Survival and growth rates after
one or two years may be misleading.

Several experiments on fall planting report contradictory
results. The differences may be due to site factors, planting
quality, stock quality, stock handling, and weather conditions
before and during planting. Unfortunately most of these factors
are not sufficiently documented even in the scientific
literature, and it is therefore usually impossible to identify
reasons for failure or success.

Planting time appears to be a crucial factor in many
experiments. The planting should be done when tree seedlings
have well-formed buds, soil is sufficiently moist (soil moisture
tension less than 1 bar), air temperature is lower than 1800,
wind velocity is less than 30 km per hour, and wet bulb
depression (measured with a psychrometer) is less than 2.50C,
and soil temperature is higher than 4°¢,

Stock 1ifting, handling, and transportation is considered
crucial. Stock should be lifted from a moist soil and handled
in such a way that desiccation is minimized. The storage and
transportation time should be minimized. Cold storage of stock
should be minimal, preferably avoided.

The number of studies concerned with planting season and timing
is very limited, compared with the references available on most

other silvicultural topics.
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RECOMMENDAT IONS
5.1 Operational Fall Planting

This section presents tentative guidelines for fall planting in the
Vancouver Forest Region. The guidelines are considered tentative because
they are based partially on field experience (which is not always well
documented and sometimes contradictory) and partially on research results
(a number of projects are in progress but data are not yet analyzed).

The guidelines were not experimentally tested to verify their validity,
and are intended as a recommendation of how successful fall planting
should be done -- not as an enforceable policy.

Unless the criteria in the proposed guidelines can be achieved, fall

planting on an operational scale should be avoided.

Numbering does not imply relative importance.

1. Soil at the time of planting must be moist. Several observations
should be made to ensure that at least the top 25 cm (10 inches) of
mineral soil are moist. The available literature indicates that
optimal soil moisture tension is 1 bar or less. A simple soil
tensiometer can be used to determine soil moisture tension less than
1 bar.

2. Soil temperature should be at least AOC, preferably higher,
measured at the depth of 15 to 20 cm under the mineral soil surface.
Minimum recommended soil temperature depends on tree species and
provenance. Species and provenances of higher elevations are adapted
to lower soil temperatures.

3. Air temperature should be lower than 18°C and wind velocity less
than 30 km/hr at the time of planting. Vapour pressure gradient is
the determining factor in evapotranspiration and use of a
psychrometer in conjunction with the tables proposed by Cleary,
Greaves and Hermann (1978, Appendix C) is recommended.
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Plug and container stock are preferable to bareroot.

Stock quality must be high. Trees must be healthy and the foliage
dark green. The stock must have well formed buds at planting time.
Stock should be lifted from moist soil (soil moisture tension less
than 1 bar) or watered immediately after 1ifting.

The planting stock should not be stored. The time between 1lifting
and planting (to sort and transport, for example) should be kept to a
minimum, no longer than two to three days. Where transportation is
necessary, the planting stock has to be protected from overheating by
being kept in cooled transportation units at 2°C* (the recommended
temperature of the air in the immediate vicinity of seedlings). If
proper timing of lifting and planting cannot be achieved, it is
recommended that fall planting be abandoned and replaced by spring
planting.

Planting quality has to be high. Planting microsites should have
deep, stable, well-drained soil that is free of large obstructions,
and they should be shaded from the south and west, especially on hot,
dry sites. Seedlings should be planted straight with roots fully
extended downwards. The soil has to be firmed around seedlings to
ensure proper contact between soil and roots. There are indications
that fall planting is more sensitive to planting quality than spring
planting.

The difference between nursery and planting site climate should be
minimal, which means planting sites should be located in the same
biogeoclimatic subzonme as the nursery. Where transfer to other
biogeoclimatic subzones is unavoidable, conditioning to adapt stock
to the different environments should be considered. When planting in
a considerably cooler climate (such as at a higher elevation) than
that at the nursery of origin, the seedlings may suffer frost damage
without conditioning.
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Avoid fall planting in areas with low annual snow cover (less than
50-70 cm) and soil frozen deeper than 5 cm since seedlings may suffer
from frost heaving and winter desiccation.

Should a tree species be planted in an area where it is rare,
protection against wildlife browsing may be necessary.

Survival and growth assessments should be conducted for a number of
years (six to eight) to provide unbiased information. Survival after
only one or two years may be misleading.

5.2 Research

There is a definite need to increase our knowledge on fall planting.

The following research topics were recognized as the most urgent, though

it should be realized that additional topics will emerge as field

foresters gain more experience with fall planting and as researchers

generate answers to present questions.

5.2.1 Research needs

Quantification of "sufficient soil moisture" for fall planting.

It is obvious that soil moisture in September is not going to be
equivalent to soil moisture in March after snowmelt; however, there
is an optimum and minimum moisture content in relation to survival of
fall planted trees. The "sufficient" soil moisture level may vary
with tree species, site (biogeoclimatic subzone or variant), soil
moisture holding capacity, and factors determining microclimate (such
as aspect, slope, and vegetation cover).

Some research on this topic is in progress by, for example,
G. Dunsworth, MB, Nanaimo; A. MclLeod, MOF, Prince George; and
H. Legard (1977), Willamette Nat. For., USDA For. Serv. Oregon.
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Determination of soil temperature limitations to fall planting.

The present experience is contradictory. Some results suggest
that planting can be done any time when soil is not frozen; however,
a number of interviewed people indicated that soil temperature is
critical. The answer to this question is important. Acceptable soil

temperature may interact with tree species and dormancy.
Importance of root growth in fall planting.

Sufficient root growth before the onset of the first winter is
considered to be essential for seedling survival. However, several
aspects of root growth appear to be poorly understood. Questions
that need to be addressed are: what is the relationship between bud
development, dormancy and root growth? What is the minimum root
growth required before the beginning of the first winter to ensure
seedling survival? What soil temperature and moisture combination
(and for how long) is necessary to obtain required root growth? What
is the desired root growth capacity for fall planting? (Burdett
1979; Burdett et al. [1983]). Studies similar to that of Day and
MacGillivray (1975) are needed.

Development of standards for assessing planting stock quality.

It was emphasized by many researchers that seedling quality for
fall planting has to be high. At present quality factors are not
well identified. Development of a scale for assessing planting stock
quality is needed.



- 27 -

Importance of seedling age in fall planting.

There are some indications that older seedlings (particularly
western hemlock) may be frost hardy earlier than those that are one
year old. If this is true, the optimum seedling age for fall
planting can perhaps be determined.

Storage and handling conditions for fall planted stock.

Late summer and fall lifted stock is prone to rapid
deterioration during storage at any temperature. Storage apparently
drastically reduces their root growth capacity. What, if any, is the
acceptable length of storage and at what temperature?

Provenance effects in fall planting.

Some provenances are apparently more suitable for fall planting
than others. If this is the case, the more suitable provenances
should be identified.

Induction of dormancy through nursery cultural practices.

On western hemlock, the formation of buds (dormancy) and frost
hardiness can be induced by shorter photoperiod (blackout
treatment). However, it appears unclear how much cold-hardiness is
actually developed and to what extent seedlings become sun sensitive
(possibly suffering sun scolding damage). The use of a blackout
system needs further research.
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5.2.2 Exploratory data analysis

A substantial body of field data on fall planting is presently
available. The data were generated from both research and operational
planting. The Biometrics Section of the Research Branch is willing to
assist with exploratory data analysis. Such data analysis may reveal
several important relationships between seedling survival and growth, and
tree species, stock type, planting time, and planting site (biogeoclimatic
subzone and association). The exploratory data analysis should aim to:

1. Assist with identification of variables that are crucial to fall

plantation survival.

2. Assist with clarification of plantation failures and poor performance.

3. Assist with preparation of site specific planting guidelines by
biogeoclimatic subzone/variant. There are some indications that in
certain subzones fall planting may be preferable in other spring
planting. However, the present state of data does not permit
proposal of site specific guidelines.

The prerequisite to exploratory data analysis is the transfer of all
available data to the computer system.

The exploratory data analysis is expected to assist with formulation
of a number of hypotheses on success and failure of fall planting. Once
these hypotheses are properly generated, designed experimental projects
should be established to test their validity.
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