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Abstract approved:

One of the largest problems facing the forester in the Pacific

Northwest today is the economical, rapid rehabilitation of cut-over

lands. Many of these cut-over lands are planted to Douglas-fir

[Pseudotsuga menziesii (Mirb.) Franco]. Previously, both aerial

and spot seeding techniques have been evaluated for their efficiency

in Douglas-fir regeneration. The depredations of the apparently

ubiquitous seed-eating mammals, however, have precluded wider

utilization of seeding techniques.

Spot seeding of Douglas-fir is an aspect of artificial seeding

that should be examined more closely because of the protection

afforded against seed depredation and the creation of favorable

microenvironmental conditions for germination. Using a shelter

seeding system, several Finnish and Swedish experimenters have been

successful in establishing plantations of Scots pine (Pinus

silvestris L.), Norway spruce (Picea abies L. Karst.), and Siberian

larch (Larix sibirica) under a variety of conditions. A cooperative



study was undertaken by the Oregon State University Forest Science

Department and the Eugene District Bureau of Land Management to

test on a moderate site, under Pacific Northwest conditions, a

shelter seeding system developed in Finland. Questions that were

to be specifically addressed included the possible requirement for

artificial shading and the shelter's ability to prevent seed

depredation. Results showed that the shelters stimulated early

germination. The disintegration of the shelters during exposure

to sumer ultraviolet radiation precluded the necessity for sub-

sequent removal. The shelters did not prove to be an effective

rodent barrier, however, until they were modified. Further system

development will be necessary before the planting tool can be used

operationally with Douglas-fir seed.
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Spot Seeding Douglas-fir in the Pacific Northwest
Using a Finnish Shelter Seeding Method

INTRODUCTION

Since 1957, nearly 600,000 ha in the Pacific Northwest have

seen seeded to Douglas-fir [Pseudotsuga menziesii (Mirb.) Franco.].

Although artificial seeding is a less expensive and potentially more

flexible regeneration system than planting seedlings, it is rarely

used today (Cleary et al., 1978).

The rapid decline in the number of hectares directly broadcast

seeded is the result of three principle factors: 1) comonly 1

percent or less of the seed produces viable seedlings, a low yield

incompatible with the use of expensive certified seed; 2) irregular

stands are produced, requiring both expensive interplanting and

thinning; and 3) a lack of an effective means of protecting the

seed from the small forest animals indigenous to most harvested or

burned areas.

Past attempts to mitigate depredation by rodents have included

the use of rodenticides or rodent proof shelters. Generally,

rodent proof shelters have proven to be inefficient, while roden-

ticides are of limited value on all except large scale regeneration

projects. Furthermore, the use of potent rodenticides has also

been noted to have deleterious effects on seed germination

(Radvanyi, 1971). It follows, therefore, that an alternative form

of seed protection against rodents is required if the potential of

direct seeding is to be fully realized as an economic regeneration
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method. Towards this end, there has been the development of small

cone-shaped shelters which house or cover the seeds. Before any

recorrinendations can be made regarding these shelters, their effec-

tiveness in preventing seed depredation by rodents and providing

favorable conditions for seed germination and early growth of the

seedling must be ascertained.

The study reported herein was concerned principally with

evaluating the efficacy of the cone shelter modifications to pre-

vent depredation by rodents and provide a suitable microenviron-

ment for seed germination and seedling development.



LITERATLIRE REVIEW

Direct seeding falls into two categories, spot seeding and

broadcast seeding. Of the three deterents to broadcast seeding

mentioned in the introduction, the most important is seed depre-

dation. Among the small forest mamals indigenous to most har-

vested or burned areas in the Pacific Northwest, the principle

seed predator is Peromyscus maniculatus var. rubidus (whitefooted

deer mouse) which consumes virtually all distributed seed (Nooven,

1975). Chemical rodenticides, especially endrin and tetramethyl

disuipho tetramine, have proven effective in reducing consumption

of coniferous seed by either poisoning the small mamals which

consume that seed or inhibiting further consumption of treated

seeds by animals which consume a sub-lethal dose (Stoeckeler, 1964).

Coating seed with these materials has been most effective on large

scale regeneration projects of 405 ha or more. If smaller units

are seeded with treated seed, a disproportionate percentage of the

coated seed is consumed in different areas of the unit, resulting

in overall erratic stocking (Lavender, 1978). Most research has

shown that coating seed with these potent rodenticides has been

detrimental to germination (Spencer and Kverno, 1953; Shaw, 1953;

Roy, 1957; Radvanyi, 1971). Furthermore, the use of tetramethyl

disuipho tetramine has been prohibited by the federal government.

This action impels the development of suitable alternative seed

protection methods.

Seed costs have steadily increased due to: 1) the dependence

3
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on contracted seed collections; 2) seed certification (independent

third party verification of seed origin); and 3) increased seed

procurement and associated processing costs. Further, there is

an increasing demand for the usage of genetically improved seed in

reforestation projects. Since greatest returns from genetically

improved seed are derived from well ordered plantations, broadcast

seeding would appear to be a less desirable system to employ to

effectively utilize high quality seed. The costs of plantation

maintenance, for example the precornercial thinning required to

maximize stand growth and development, have increased substantially

in recent years. In addition, the Oregon Forest Practices Act

requires certain stocking levels within three to six years after

harvest, a requirement which impels the manager to attend to all

details in regeneration planning and early stand management.

An alternative to broadcast seeding is spot seeding which is

the hand placement of seed in selected microsites. Utilizing

this method of seeding with higher quality or genetically improved

seed, precludes the problem with low seed quality and poor germi-

nation, while placement of seed in selected microsites obviates

most of the problems associated with irregular stands. Spot

seeding, unlike broadcast seeding, must employ physical rather

than chemical barriers to prevent, or at least lessen, animal

depredation. It is impractical to treat enough seed with chemicals

to deter animal seed depredation when using spot seeding because

the amount of seed needed for these smaller areas would be totally
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consumed before the animals died, thus negating any chance for

successful seedling regeneration (Lavender, 1978) . Physical

barriers such as wire cones or hemispheres are also costly alter-

natives to rodenticides because a second trip to the seed spot is

required to release the seedlings from the rodent barriers the

winter following seed germination (Roy and Schubert, 1953; Stein,

1964; Franklin and Hoffman, 1968; Jones, 1974). This procedure

adds immensely to the cost of seedling establishment by this

method.

Recently, there have been attempts in Finland to provide more

favorable microsite temperatures for seedling germination as well

as protection against seed depredation by placing seeds beneath

cone-shaped translucent shelters. These experiments with this

technique have renewed interest in spot seeding because of the

lower costs involved and the promise of some protection from rodent

seed depredation. Lhde and Mutka (1974), working with Scots pine

(Pinus silvestris L.), found that protection of seed spots with

plastic cones which degraded by ultraviolet light resulted in im-

proved germination and seedling development. They further observed

a reduction in damage to both seeds and seedlings. In an ecologi-

cal study of shelter effects on germination and seedling develop-

ment of Scots pine, Norway spruce (Picea abies L. Karst.), and

Siberian larch (Larix sibirica Ledeb.), Lhde and Tuohissari

(1976) found more rapid germination in the shelters. They felt

this was partially due to the higher air temperature and relative
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humidities inside the shelters. They also noted a higher germi-

nation percentage in shelters than in control seed spots without

shelters. In sowing trials conducted from 1972 to 1975, using

Scots pine, Hagner and Sahln (1977) compared sowing under plastic

cones, unprotected sowing, and planting just under the soil surface.

The results from these trials showed that: 1) cones protected

seed and seedlings against drought, birds, and rodents; 2) cones

increased the percentage of seeds forming seedlings by the first

autumn from 5 to 30 percent to 60 to 80 percent; and 3) sowing

with cone protection was more economical than planting when one to

four live seeds per shelter were used and up to 57 percent more

seed spots were sown than seedlings planted.

Experience in North America has shown that the major deterent

to the more widespread use of spot seeding as a reforestation

method is animal damage. The use of cone-shaped seed shelters does,

however, offer some measure of protection against rodent seed depre-

dation and, as well , improves the germination environment. Before

any recorwiendation regarding the use of cone shelters can be issued,

they must be evaluated in terms of protection offered against seed

depredation and ecological compatibility with seed germination and

seedling growth.

The experience of the Scandinavians and their development of

the cone shelter may provide a basis for its use in the Pacific

Northwest, but because of greater radiation loading with higher

potential for heat damage, system modification may be required.
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Accordingly, a field investigation was designed and implemented in

a cooperative agreement between the Bureau of Land Management,

Eugene District, and the Department of Forest Science, Oregon State

University, with the intent of assessing the utility of these

shelters under Pacific Northwest conditions.

Study Objective

Spot seeding is neither a new nor novel approach to forest

regeneration. Experience in the Pacific Northwest has shown that

although spot seeding works, it was inefficient because of the

necessity of rodent protection. The Scandinavian experience indi-

cates it is a workable regeneration system under certain conditions.

The principle objective of this study was to evaluate the Finnish

shelter seeding system and its modifications, with respect to pro-

tection against rodent seed depredation and ability to provide a

suitable microenvironment for use with Douglas-fir seed. Two

issues that were addressed specifically were: 1) the requirement

of shelter modification to provide maximum protection against seed-

eating mamals and 2) the necessity for shading to preclude exces-

sive heat buildup in the shelter which might result from the higher

radiation load in our more southerly latitudes than that experienced

in Finnish forest sites.



MATERIALS AND METHODS

Study Area

The study area was located about 25 km northeast of Eugene,

Oregon, near the town of Crawfordsville, in the Cascade Mountains

at an elevation of 425 in. This land is under the ownership of the

Bureau of Land Management (B.L.M.), Eugene District. The study

site was characterized by north and south aspects with slopes of

5 to 30 percent, but most of the terrain had slopes of less than

10 percent. Annual precipitation, nearly all in the form of rain,

is approximately 1 ,500 irvi, about 85 percent of which falls between

mid-October and mid-April.

Seed Source and Treatment

The seed used in this study was collected near the study site

(Oregon seed zone 471 at an elevation of 450 m). Research has

shown the need for stratification' of Douglas-fir seed to enhance

germination if it is to be seeded after February 1 (Stein, 1957;

Lavender, 1958; Utterback and Berry, 1977). Since the trial was

planned for placement in mid-February, part of the seed was strati-

fied at 2°C for 7 weeks before sowing; the remainder was sown dry.

8

'Stratification is a cold, moist storage period employed prior to

germination of the seed of many temperate perennial woody species

to stimulate rapid, even germination.
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Experimental Design

Experiment Number 1

Experiment Number 1: Treatments were established on a tran-

sect across an area that had been harvested and burned the previous

year. Five different treatments associated with various timing and

degree of shading were applied at '0.5 m intervals on a line per-

pendicular to the transect. These treatment sets were spaced ".'3 m

apart. The treatments were as follows:

Treatment 1: Painting a southwest oriented quadrant on the

cones (1600 to 2500) with aluminum paint (Figure 1) provided

early shade.

Treatment 2: Placing a cedar shingle, oriented on the south-

west near the plastic cone at the time of seeding (Figure 2)

provided shade during the early spring (early shade) and

during late spring and summer (late shade).

Treatment 3: Placing a cedar shingle, oriented on the south-

west near the plastic cone at the time of seed germination

(Figure 3) provided shade in late spring and summer only

(late shade).

Treatment 4: Same as described for treatment 3, except

placing Vexar tubing over the plastic shelter to provide

protection for the emerging seedlings against browsing and

clipping animals (Figure 4).

Treatment 5: The plastic shelter was unshaded but was pro-

tected by Vexar tubing (Figure 5).





Figure 2. Shelter with early shading treatment
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Figure 3. Shelter with shade applied at time of
germination (late shade)
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only
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Using data for number of seeds required to reach a desired

number of seedlings (Lavender, 1958), each treatment was tested

with: 1) stratified seeds, eight seeds per shelter; 2) strati-

fied seeds, six seeds per shelter; and 3) non-stratified seeds,

eight seeds per shelter. Thirty-four replicates of each seeding

pattern and treatment were installed for a total of 510 shelters

(5 shading treatments x 3 seeding patterns x 34 replicates).

Shelters were hand-placed on scalped microsites and seeds were

hand-sown on February 14, 1979. Rand-sowing was necessary because

the seeding tool (Figure C) initially used malfunctioned while

attempting to meter Douglas-fir seed through a mechanism origi-

nally designed for the relatively round Scots pine seed. This

original seeding served as a control for this study (Figure 7).

Since rodents consumed all the seed in this original seeding, it

was deemed a valid measure of the shelter's inability to provide

protection against rodent seed depredation. The shelters were

therefore modified by the insertion of a steel pin down the side

of the shelter (Figure 6). The pins were bent at a 450 angle and

fitted over the 16 mm hole in the top of the shelter to deny

access to the mice. The shelters were resown on February 25, 1979,

using the same seeding pattern and method previously described.

After shelter modification, there was no further evidence of seed

loss due to rodent depredation.
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36 /2"

SEED RESERVIOR

IN S TALL AT ION
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SHELTER AND PIN

Figure 6. Finnish spot seeding tool with modified shelter
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Assessment Procedure

Shelters along the transect line were inspected weekly for

animal damage and numbers of germinants were counted. These in-

spections started on March 24, 1979 (initiation of germination),

and continued until July 7, 1979.

Experiment Number 2

The mechanism of the Finnish seeding tool was designed specifi-

cally to meter the delivery of Scots pine seed which is nearly

spherical. In an attempt to adapt the Douglas-fir seed to this

metering mechanism, seed was coated with inert diatonaceous earth

to make the smallest round "pill" possible. Coating seed with this

material was necessary to standardize pellet size for easy uniform

flow through the seeding tool. Research has shown that in some

species, seed coating has had undesirable effects on seed germina-

tion (Fraser and Adams, 1980). Therefore, an experiment was initia-

ted in February, 1980, in the cold frames at the Oregon State

University Forest Research Laboratory to evaluate the effects of

pelletization on seed germination under exposed field-like condi-

tions. Treatments were established in a series along a transect

line bisecting the cold frame. The first set of treatments con-

sisted of 10 plastic cone shelters spaced 30.5 cm apart and

seeded alternately with coated and non-coated seed at the rate of

12 seeds per shelter. The next set of treatments consisted of

five steel rings covered with hardware cloth (Lavender, 1958),

18
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again spaced 30.5 cm apart with the two end rings seeded with the

non-coated seed at the rate of 50 seeds per ring and the center

three rings seeded with coated seed at the same rate. The last set

of treatments duplicated the first.

Assessment Procedure

Shelters were inspected weekly and number of germinants were

counted. Inspections were initiated February 29, 1980, and con-

tinued until July 10, 1980, when the remaining ungerminated seeds

were removed from the cold frame for laboratory analysis.

Experiment Number 3

To further examine the utility of pelletization, a field ex-

periment was instituted in the upper Calapooia River area in early

December, 1980. This plot is in close proximity to the original

study site. Specifically, the experiment was to ascertain the

effects of overwinter exposure on the seed pelleting material and

its effect on seed germination. Nine small plots were established

1 m apart on a single, short transect line on a south-facing slope,

across an area that the B.L.M. had seeded the previous fall. Plots

1, 3, 6, and 9 contained single plastic cone shelters seeded with

non-coated seed at the rate of six seeds per shelter. Plots 2, 7,

and 8 were plastic cone shelters seeded with coated seed at the

same rate. Plots 4 and 5 were the hardware cloth covered steel

rings. Plot 4 was seeded with coated seed at the rate of 20 seeds



per screened ring. Plot 5 was seeded at the same rate with the

non-coated seed. All cone shelters were protected with a steel

pin and all shelters were marked with a painted stake to facili-

tate ease of location.

Assessment Procedure

Shelters were inspected weekly for animal damage and germi-

nants were counted. Inspections were initiated May 3, 1981, and

continued until July 13, 1981, when the experiment was terminated.

Analytical Procedure

Experimental results from the major field trial were analyzed

by submitting data to analysis of variance with the significance

level set at P = 0.05. For selected comparisons, means were

assessed using a Tukey's Multiple Comparison Test a = 0.05. The

results from Experiments 2 and 3 were analyzed, using a t-test

with unequal sample size with the significance level set at P =

0.05.

20



RESULTS

Experiment Number 1

Original Seeding: An examination of the cone shelters on

February 21, 1979, revealed that the hole in the top of the shelter

permitted mice access to the seeds. Each shelter was examined to

verify if any seed remained. Only seed-coat fragments were found

in seven of the shelters, the other 503 shelters were empty. This

original seeding was deemed a valid measure of the shelter's ina-

bility to provide protection against rodent seed depredation and,

therefore, served as a control against which success of any modi-

fications to the shelters could be evaluated.

February 25 SeedIng, July 7, 1979 Evaluation

The analysis showed that the shading treatments had no effect

by the July 7, 1979 date (Table 1). The effects of stratification

were obvious by the difference in percentage of seeds germinated

(P <.05) by seeding pattern (Figure 8, Table 1). Because it

appeared that the effect of shade upon seedling survival would be

maximal on southerly exposures, a similar analysis of variance was

performed on the data taken from the shelters on southerly exposures

to ascertain if there were statistical differences. Again, results

showed that the shading treatments had no effect on seedling sur-

vival (Table 3a). Percentage of survival ranged from 17.3 (early

shade with a cedar shingle, non-stratified seed) to 75 (early shade

21



Table 1. Number of Douglas-fir seedlings surviving at Crawfordsville site by treatment and
seeding pattern for July 7, 1979.

Treatment

(early shade,
shelter painted)
(early shade,
shingle)
(late shade,
shingle)
(late shade,
Vexar)
(Vexar only)

Total

Seeding pattern
Stratified

8 seeds sown 6 seeds sown
No. of % of No. of of

seedlings seeds sown seedlings seeds sown

185

182

173

176

182

898

68.0

66.9

63.6

64.7
66.9

134

153

142

137

134

700

Analysis of variance for Table 1

65.7

75.0

69.6

67.2
65.7

Source of variation d.f. S.S. M.S. F

Reps 33 3.993 .121

Treatments 4 .678 .169 2.267

Seeding pattern 2 19.540 9.770 131 .035**

TfIT x SP 8 .537 .067 .898

Error 462 34.446 .075
Criteria for significance set at 5 level

**Significant at the .01 level.

Nonstrati fi ed

8 seeds sown
No. of of

seedlings seeds sown

68 25.0

103 37.9

47 17.3

19.9
30.5

54

83

355
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Table 2. Number of Douglas-fir seedlings surviving at Crawfordsville site by treatment and
seeding pattern for September 12, 1979.

Criteria for significance set at 51 level.
**significant at the .01 level.

Trea tment

Seeding pattern
Stratified Nonstrati fi ed

8 seeds sown 6 seeds sown 8 seeds sown
No. of of No. of of

seedlings seeds sown seedlings seeds sown
No.of of

seedlings seeds sown

1. (early shade,
shelter painted) 93 34.2 65 31 .8 23 8.5

2. (early shade,
shingle) 153 56.3 124 60.8 83 30.5

3. (late shade,
shingle 147 54.0 134 65.7 42 15.4

4. (late shade,
Vexar) 1 54 56.6 115 56.4 48 17.7

5. (Vexar only) 23 26.8 43 21.1 36 13.2

Total 620 481 232

Analysis of variance for Table 1

Source of variation d.f. S.S. M.S. F

Reps 33 6.771 .205

Treatments 4 6.777 1.694 21 .175**

Seeding pattern 2 9.902 4.951 61 .888**

TMT x SP 8 1.832 .229 2.863**

Error 462 36.952 .080



Table 3a. Analysis of variance for seedlings germinated on
southerly exposures at Crawfordsville study site
by treatment, seeding pattern, and date.

July 7, 1979

Source of variation d.f. S.S. M.S. F

Reps 17 2.769 .163

Treatments 4 .614 .153 1.949

Seeding pattern 2 9.530 4.765 60.70l**

TMT x SP 8 .940 .118 1.503

Error 235 18.442 .785

Criteria for significance set at 5 level.

**Significant at the .01 level.

Table 3b.

September 12, 1979

Source of variation d.f. S.S. M.S. F

Reps 17 3.215 .189

Treatments 4 4.955 1.239 l6.396**

Seeding pattern 2 4.100 2.050 27.128**

TMT x SP 8 2.382 .298 3943**

Error 235 19.119 .076

Criteria for significance set at 5% level.
**Sjgnificant at the .01 level.

25



with a cedar shingle, stratified seeding pattern 6 seeds/spot).

February 25 Seeding, September 12, 1979 Evaluation

Two months after the previous field evaluation and after the

major surrrner drought period, results for the analyses were quite

different. The field evaluation was made to assess numbers of

surviving seedlings and ascertain possible temperature-induced

damage. Observation showed a marked decrease in survival percen-

tage in the painted treatment (Treatment 1) and the unshaded treat-

ment (Treatment 5). Surviving seedling percentage (Treatment 1)

decreased from a high of 68 on July 7, 1979, to a high of 34.2 on

September 12, 1979. Treatment 5 showed a comparable decrease in

surviving seedling percentage, from a high of 66.9 on July 7,

1979, to a high of 26.8 on September 12, 1979. Tables 2 and 4

reflect this significant (P <.01) change in shading treatment,

seeding pattern, and interaction. Again, because it appeared

that the effects of shade on seedling survival would be more

pronounced on seedlings on southerly exposures, an analysis was

performed on those data. Results confirmed that the seeding

pattern, treatment, and interaction were all highly significant

(Table 3b). Treatment effects were further examined by employing

a Tukey's Multiple Comparison Test to separate the seeding pattern

by treatment means (Table 5). Results from this analysis showed

that the shade by seeding pattern means (stratified seed, SP1 and

2) were significantly different (a = .05) (except shading

26



Table 4. Number of seed spots with surviving seedlings at
Crawfordsville site by treatment, seeding pattern,

and date.

Treatment

July 7, 1979

(early shade,
shelter painted)
(early shade,
shingle)
(late shade,
shingle)
(late shade,

Vexar)
(Vexar only)

Total spots with
1 or more living
seedl ings

% spots occupied
with living seed-
lings

September 12, 1979

(early shade,
shelter painted)
(early shade,
shingle)
(late shade,
shingle)
(late shade,

Vexar)
(Vexar only)

Total spots with
1 or more living
seedlings

% spots occupied
with living seed-
lings

92.9

*Number in parenthesis denotes number of seed spots with multiple

seedlings present.

93.5 61.2

27

Number in parenthesis denotes number of seed spots with multiple

seedl ings present.

Seeding rate 1
strati fied

8 seeds/spot

Seeding rate 2
stratified

6 seeds/spot

Seeding rate 3
Noristratified

8 seeds/spot

33 (30*) 30 (29*) 21 (18*)

32 (30*) 32 (31*) 28 (27*)

32 (30*) 33 (33*) 19 (12*)

30 (30*) 33 (32*) 17 (13*)

31 (29*) 31 (30*) 19 (17*)

158 159 104

20 (18*) 16 (14*) 9 (6*)

29 (25*) 29 (26*) 27 (22*)

30 (27*) 32 (32*) 17 (11*)

30 (30*) 31 (29*) 15 (11*)

14 (13*) 13 (9*) 12 (9*)

123 121 80

72.4 71.2 47.1
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*Values within column followed by the same letter are not different

(a = .05) by Tukey's Multiple Comparison Test.

Standard error of the mean.

Table 5. Treatment by seeding pattern means* for Crawfordsville
study site, September 12, 1979.

Treatment number Seeding pattern number

3 2 .6569a

2 2 .6078a

4 1 .5662a

4 2 .5637 a

2 1 .5625a

3 1 .5404 a

1 1 .3419 b

1 2 .3382 bc

2 3 .3051 bcd

5 1 .2684 bcde

5 2 .2108 bcde

4 3 .1765 bcde

3 3 .1544 cde

5 3 .1324 de

1 3 .0846 e

st .0485
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Treatment 1) from the nonshaded (Treatment 5) by all seeding pattern

means (SP1, 2, and 3).

Experiment Number 2

Cold Frame: The results from the t-Test with unequal sample

size showed a significant difference (P <.05) in germination per-

centage between the coated and noncoated seed (Tables 7 and 8).

The mean germination from coated seed was .082, while that from

noncoated seed was 20.

Experiment Number 3

Calapooia: No statistical differences were found between

coated and noncoated seed or cone shelters and screened shelters

(Table 9). The mean of germinants from coated seed was .58 while

the mean of germinants from the noncoated seed was 1.78. The mean

germination of seed in the plastic cone shelters was 13.2. while

mean germination of seed in the hardware cloth rings was 16.8%.

Additional Assessment

Experiment Number 1: A final field survey of the primary

study area was performed in April 1983. The transect line was

inspected for animal darrge and shelter decomposition, arid ran-

domly selected plots were measured. Observations indicated a

high percentage of the spot seeded seedlings suffered extreme

damage from deer browsing. In addition, all environmentally



Maximum germination is the sum of total germinants by site over
time (March through July 1979)

Table 7. Coated vs. noncoated Douglas-fir seed at Oregon
State University Forest Research Laboratory cold
frames, February 1980.

Coated 13 1.832

Noncoated 12 3.621*

*Criteria for significance set at the .05 level.
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Table 6. Maximum vs. actual germination at Crawfordsville site
by seeding rate.

Possible Actual Percentage

Seeding rate 1
Stratified 8 seeds/spot 1360 1055 77.6

Seeding rate 2
Stratified 6 seeds/spot 1020 823 80.7

Seeding rate 3
Nonstratified 8 seeds/spot 1360 435 31.9

Stratified seed
(SRI + SR2) 2380 1878 78.9

Trea tment Sample size Mean



Table 9. Effects of shelter type on seed germination at upper
Calapooia River site, December 1980.

Treatment Sample size Mean

Plastic cone 7

Screen 2 2.833

Criteria for significance set at .05 level.

Table 10. Germination of Douglas-fir seed in the laboratory

Seed treatment Germination percent

Pelletized 34

Pelleting material removed 88

Raw seed germ
(from BLM) 82

31

Table 8. Germination of Douglas-fir seed at the Oregon State
University Forest Research Laboratory cold frames.

Protection Germination percent

device Pelletized seed Control seed

Screen shelter 11 29

Plastic shelter 12 20
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exposed shelters decomposed. The dominant seedling in every fifth

plot was measured for height and diameter. The nearest adjacent

2-0 planted nursery seedling was measured in a similar manner.

The plot measurements cannot give any meaningful estimate com-

paring annual growth increment because of browse damage to the

spot seeded seedlings.



DISCUSSION

Seed depredation is considered to be the principle deterent

in using spot seeding as a reforestation method and this fact

was clearly demonstrated in this study. Indeed, when an examina-

tion was made of the original hand-seeding of 510 shelters, no

viable seed remained one week after seeding. This initial seeding

was considered a valid measure of the shelter's inability to pro-

vide protection against rodent seed depredation. The shelters

were modified with the steel pin which prevented further rodent

seed depredation in the second seeding. Therefore, if shelters

are to be used in operation seeding projects, modifications must

be made to deny rodent access.

During a field survey on July 7, 1979, to assess seedling

germination and heat induced damage, the nonshaded treatment

(Treatment 5) appeared to have a higher than expected mortality

The shaded treatments (Treatments 1-4) were observed to have a

high survival and the germination rate of the stratified seeds

was noticeably better (Figure 8, Table 6). The mortality ob-

served in Treatment 5 was attributed to heat buildup because the

loss to rodent seed depredation was obviated by the insertion of

the steel pins. The analysis, however, showed no significance

(P <.05) in shading treatment at this time. Since it appeared

that the major effect of shade on seedling survival should be

noticed more on the southerly exposures, an analysis was performed

on those data (Table 3a). Again, the results showed only the

33
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effects of the seeding pattern, which can be attributed to the

effects of stratification. Presumably, there had not been enough

heat and drought stress to generate shading effects by this date.

The field evaluation performed on September 12, 1979, indi-

cated a marked decrease in survival percentage in Treatments 1 and

5. Possible causes for the higher than expected mortality asso-

ciated with Treatment 1 could be: 1) physically not a large enough

surface area of the shelter was painted; 2) paint was not a suit-

able shade and allowed the air temperature to increase to in-

tolerably high levels; and 3) painting caused a shelter breakdown

which was not obvious. Because the experimental design did not

permit further evaluation of these hypotheses, the effect of

shading date upon seedling survival was evaluated by comparing

Treatments 2 and 3. The high levels of mortality associated with

Treatment 5 were expected by the time of September field evalua-

tion.

The analysis of variance for the September 12 data showed

significance(P <.01) for seeding pattern, treatment, and seeding

pattern by treatment interaction (Table 2). The effect of the

seeding pattern was due to the speed and percent of germination

between stratified and nonstratified seeds. Clearly, stratified

seeds exhibited a greater rate of germination and total germina-

tion than unstratified seeds, and this superiority was doubt-

lessly reflected in these earlier germinating seedlings' ability

to better tolerate the suniner drought period. These observations



35

have been reported previously for Douglas-fir by Lavender (1958)

and De Matos Malavasi (1984).

The pattern of significant differences among shading treat-

ments was more complex. The mean survival of seedlings grown from

stratified seeds in Treatment 2 (early and late shade) was sig-

nificantly different from that of seedlings grown from stratified

seeds in Treatment 5 (nonshaded). Further, the difference in

seedling survival percent for these two treatments is larger if

only data from southerly slopes are compared (Table 3). These

results clearly suggest that some shade is necessary to obtain

maximum seedling survival under conditions existing in the study

area. The lack of a significant difference in survival between

seedlings grown from stratified seeds in Treatment 2 (early and

late shade) and Treatment 3 (late shade) demonstrates that the

effect of shade in reducing the temperatures resulting from direct

insolation of the shelters is maximal, as measured by seedling sur-

vival, during the period from late spring until fall. Since both

the ambient air and soil temperatures associated with the first

year seedlings have been reported to be maximal during this same

period (Lavender, 1958), such a conclusion is definitely compatible

with previously reported temperature data. The data presented in

Table 2 for seedlings grown from nonstratified seeds show similar

results. The mean survival for seedlings grown from nonstratified

seeds in Treatment 2 (early and late shade) was significantly

different from that of seedlings grown from nonstratified seeds in
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Treatment 5 (nonshaded). Again, the lack of a significant

difference in survival between seedlings grown from nonstratified

seeds in Treatment 2 (early and late shade) and Treatment 3 (late

shade) points out the benefits of shading during the period from

late spring until fall. Much of the effect of the seeding pattern

by shade interaction can be attributed to the effect of the

stratification on the speed of germination. The seedlings grown

from the stratified seeds entered the surrvier drought period in a

presumably better physiological and morphological state than those

seedlings which were grown from nonstratified seeds. The seed-

lings grown from nonstratified seeds which germinated later were

less well developed and thus were more susceptible to environmental

stress (Lavender, 1978).

At this point, it can be summarized that: 1) the modified

shelter provides excellent protection against rodent damage for

both seed and seedlings (Tables 2 and 4); and 2) shade is benefi-

cial to seedling survival (Table 4 illustrates that high mortality

is associated with the nonshaded Treatment 5). In addition,

stratification has a positive effect on the germination of Douglas-

fir seed sown after February 1 (Lavender, 1958).

The high germination percentage and survival rate associated

with the eight and six stratified seeds per shelter (Tables 4 and

6) caused seedling deformation which still persists. Using the

forester's rule of thumb, "three seedlings the first year equal

one second year seedling," suggests that the spot seeding system
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described here could permit successful regeneration with as few

as four seeds. This number would be dependent upon the germina-

tion percentage of the seed lot involved.

Observations from a field survey were made in April 1983.

The transect line was inspected for animal damage and shelter

decomposition. It was found that there were high percentages of

the spot seeded seedlings suffering from an extreme amount of

deer browse damage. In addition, only those shelters that had

been shaded by the cedar shingles did not fully decompose.

Weathering action and time caused those shelters to become brittle;

thus, the seedlings were able to emerge without difficulty or de-

formation by splitting through the sides of the shelter.

In an ancillary study to this thesis, Vexar tubing was placed

over the shelters to protect the emerging seedlings. The dominant

seedling in every fifth plot was measured for height and diameter

to determine if the placement of such tubes would protect against

early browse damage. The nearest adjacent 2-0 planted nursery

seedling was measured in a like manner. These measurements showed

that the average seedling that arose from a seed spot was 48 cm in

height with a diameter of 7.5 mm, which compares very favorably

with the average outplanted 2-0 nursery seedling at the same age

and growth stage. Reports from other area studies using various

ages of Douglas-fir seedlings (Smith and Walters, 1965; Iverson,

1980; Darbyshire, 1982; Jenkinson, 1982) indicate a range of

values of height from 38.1 cm to 64 cm, with a corresponding range
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of diameters from 4.9 nm to 23 nun. The observed growth of spot

seeded seedlings after the initial growing season seems to agree

with previous studies (Lhde and Mutka, 1974, and Lhde and

Tuohissaari, 1976) that show spot seeding is a reliable method of

establishing hardy seedlings. Even though some of the spot seeded

seedlings grew out of the Vexar tubes after two years, no meaning-

ful measurement comparing annual growth increment could be made

due to the extensive damage due to deer browsing.

If modifications are made to seeds to facilitate the use of

planting tools, these treatments should not lessen germination

rate. The diatomaceous earth used to coat the seeds was found to

limit seed germination. Therefore, it would seem biologically

more acceptable to modify the tool rather than make modifications

to the seed configuration leading possibly to lower germination.

A laboratory test of germination was performed on the coated seed

which did not germinate in the cold frame (Table 10). Results

strongly indicated that an intact pellet of diatomaceous earth

inhibits seed germination. Reports by Fraser and Adams (1980),

and van den Driessche (1982), also indicate that the germination

is significantly lower when using pelletized seed. Leadeni (1980)

is currently evaluating the effects of pelleting different species

in a container nursery study. Preliminary data indicate that

Douglas-fir is among those species showing significant loss of

germinative capacity when pelleted.

A field study to evaluate the effects of overwinter exposure

on the seed coating material was instituted in the Upper Calapooia
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River area in December 1980. There is some evidence that over-

winter exposure to rain, frost, and other natural factors, caused

significant deterioration of the pellet and permitted some germi-

nation. The protective effect of the plastic cone shelters, how-

ever, greatly reduced this weathering action. This observation is

at least partially verified by a comparison of the germination

data for seeds placed in the screened rings with that of seeds in

the cone shelters. Although these differences in these data are

not significantly different, they do suggest that the seed coating

material decomposed more in the screened plots (Table 9).

Spot seeding offers greater flexibility, more opportunity with

lower cost than any other regeneration system currently used in the

Douglas-fir region. In a recent cost comparison study using a

3.3m x 3.3m spacing with an assumed 50 percent survival rate,

Champion Timberlands (1980) reported the cost per surviving seed-

ling using the shelter seeding method is 23, while the cost per

survivor for planted 2-0 stock is 55.



C ON CL US IONS

Based upon the results of this research, the following con-

clusions can be drawn:

The complete loss of all seed from the original seeding

shows that rodent protection is critical. At present, there is

no practical method to protect the seeds in the cone-shaped

shelter other than by inserting steel pins (as described in the

Materials and Methods section) or by using some other outside

device to deny access to rodents. This is not a desirable alter-

native because an additional trip is required to remove the pro-

tective device, thereby increasing cost.

The higher percentage of germination and survival of

shaded treatments point out the critical need for shade to

ameliorate the radiation load and associated heat damage of

summer. Seedlings which germinate earlier enter the summer drought

period in better physiological and morphological condition and thus

have a higher percentage of survivors. This is primarily due to

benefits derived from seed stratification.

Since this study was of a one-year duration with a

February seeding date, stratification was necessary. The use of

stratified seed to enhance the germination rate can diminish

losses of seed due to seed depredation by rodents because of a

shorter time interval between seed placement and germination.

Attempts in this study to adapt irregularly-shaped seed

to a mechanical seeding system by pelletizing are not biologically

40
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desirable because of significant decreases in germinative capa-

city. This may also lead to higher costs because of the require-

ment to use more coated seed to achieve a particular stocking

level.

5. The Finnish spot seeding system described here, used with

high quality seed, has the potential for permitting successful

regeneration with as few as four seeds per plot. The modified

plastic shelters offer protection for both seed and seedlings

against seed-eating birds and mammals. They also create a

favorable environment for seed germination and seedling growth,

but require good vegetation control practices to ameliorate water

stress conditions, coupled with shade to reduce midday tempera-

tures. When the tool is substantially modified, it should prove

to be a flexible, rapid, and inexpensive regeneration system.
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