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Abstract.--The Summit Precision Seeder was conpared with the
Oyjord Seeder at five Forest Service nurseries, using nine

coni fer species and 26 seedl ots.

Results varied with seed

characteristics, but the Summt did not prove to be a big

i nprovenent over the Oyjord. Plots oversown and thinned to
target spacings produced | ess clunping and fewer gaps

bet ween seedlings but showed little inprovenent in seedling
size and cull rates over either seeder.

BACKGROUND

Uni f or m spaci ng between seedlings is
inportant to the successful and efficient
operation of forest tree nurseries. The val ue of
tree seed continues to increase due to dw ndling
amounts of sonme seed sources, growth of
genetically inproved seed, and an increased
enphasi s on nondestructive seed collection from
hi gh quality stands and trees. In the nursery,

di scarding cull seedlings is becom ng nore and
nmore costly. Through nore uniform spaci ng of
trees, nursery managers hope to better utilize
preci ous seed supplies, reduce the proportion of
nonshi ppabl e trees, and produce a nore uniform
seedling size that could possibly inprove field
perf or mance.

To obtain nore uniform spaci ngs between
seedlings in the nursery bed, we nust achieve a
nore preci se and consistent placenent of the seed
during sow ng.

Most of the Forest Service, U S. Departnent
of Agriculture, nurseries in the western United
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States sow seed with a Love/ Oyjord seeder (fig.
1). The Oyjord seeder was devel oped in Norway in
the early 1970s. It was tested by the Forest
Service’' s Equi pnent Devel opnent Center at

M ssoul a, MI, in 1975. Lott and Lowmran (1976 and
1978) and Lott and Casavan (1978) reported that
the Oyjord was sinple, reliable, well designed and
constructed, and versatile.

Al though Lott and Lowran (1976 and 1978)
found the Oyjord seeder to be clearly the nost
accurate of eight seeders tested at that time, the
Oyjord is not a precision seeder. Average seed
spacings were close to targets, but the actual
pl acenent of the seed was random and t herefore not
evenly spaced. Boyer and others (1985) said that
the Oyjord gave a high proportion of doubles, had
vari abl e spacing, and varied in the nunber of
seeds per 0.6 mrow However, it gave narrow
drills to facilitate lateral root pruning, was
easy to calibrate, is capable of sow ng seed lots
with ow germination rates, and has a higher
operation speed than other seeders.

The Sunmt Precision Seeder (fig. 2) was
desi gned and manufactured in New Zeal and. Lafl eur
(1987), Boyer and others (1985), and Huber (1985)
have all tested the precision seeder. The Summt
Seeder performed well but still did not achieve
perfect spacing. The Sunmit Seeder al so gives
narrow drills but is easier to calibrate than the
Oyjord, does not waste seed at the ends of the
seedbeds, and provides control of seed depth.
Di sadvant ages include its sl ow speed, the
necessity for high gernination seed, and its
price.

The Summt Precision Seeder works using a
vacuum sowi ng head, which pl aces seeds
individually in seven rows. It works especially
well with large seeded species. Machine travel
speed is inportant to the accuracy of the Summit.
As speed increases, accuracy decreases. Seed



Figure 1--The Oyjord Seeder.

spacing is controlled by changing drive sprockets,
so the closer the desired spacing, the slower the
seeder will nove to do its task properly.

The prinmary objective of this study was to
conpare seed placenment by the Summit Precision
Seeder with that of the Oyjord seeder. W al so
wanted to conpare seedlings sown by the two
seedi ng machines with seedlings grown at the sane
density but at precise spacing. This was done at
five Forest Service nurseries, each with different
soils and weather conditions. W used seed of
ni ne species. Qur interest was in seed delivery
performance, seedling energence and the uniformty
of seedling spacing in relation to seed pl acenent,
the resulting seedling norphol ogi cal
characteristics, and the nunber of shippable trees
per unit area of bed.

MATERI ALS AND METHCDS

Sowi ng of all 26 seedlots chosen for this
study took place in the spring of 1985. The five
Forest Service nurseries which participated were
Coeur d’ Al ene Nursery, Coeur d' A ene, ID; Lucky
Peak Nursery, Boise, 1D, J. Herbert Stone Nursery,
Central Point, OR J. W Touney Nursery,

Wat ersmeet, M; and Wnd R ver Nursery, Carson,
WA. The study was a cooperative effort between
the nurseries, the Mssoul a Equi prent Devel opnent
Center, and the U S. Internountain Research
Station, Forest Service.

The Summit Precision Seeder was calibrated to
sow at the sane rate as each nursery's target rate
for the Oyjord seeder for a given seedlot. Seeds
were covered wi th al um num powder before sowing to
nmake themreadily visible and facilitate snooth
flow t hrough the seeder.

W tested the seeders using seed from nine
coni fer species. Douglas-fir (Pseudotsuga
nenziesii var. nmenziesii and var. glauca [Beissn.]
Franco) (coastal and inland varieties) was sown at
three nurseries. Engel mann spruce ( Picea
engel manni i Parry) and ponderosa pine (Pinus

Figure 2.--The Summit Precision Seeder.

ponder osa Dougl . ex Laws) were each sown at two
nurseries. Wite spruce (Pices glauca [ Mench]
Voss.), noble fir (Abies procera Rehder), jack

pi ne ( Pinus banksiana Lanb.), |odgepol e pine
(Pinus contorta var. latifolia Engelm), red pin
(Pinus resinosa Ait.), and western larch (Larix
occidentalis Nutt.) were each sown at one nursery
(table 1).

Four species were sown at Lucky Peak Nursery
three at Coeur d’ Alene and J. W Touney, two at J.
Herbert Stone, and only noble fir at Wnd R ver
(table 1).

Each species at s nursery was treated as a
separate test. Wthin each test, two seedlots
were sown. The first had a gernination rate near
95 percent; the second had a germnation rate
between 75 and 85 percent. Wthin each of three
bl ocks, six plots were arranged randomy. The six
plots consisted of three treatnments replicated two
times for both seedlots: (1) seed sown using the
Sunmmit Precision seeder calibrated to the target
spacing, (2) seed sown using the Oyjord seeder
calibrated to the target spacing, and (3) seed
oversown using the Oyjord seeder and hand thi nned
to the target spacing after seedling energence.

Al plots were six mlong and a 1-in buffer
separated the plots. Wthin each plot there were
three 0.5 msanple plots. After sowing, a neter
stick was |laid along side each rowin a sanple
plot, and the position of every seed was recorded
innllimeters. As soon as the neasurenents were
made, the seed was covered.

Fi ve weeks after sowi ng, the oversown plots
were hood thinned to the target spacing.
Afterward, actual positions of the seedlings were
measured on all sanple plots.

At three of the nurseries, several
measurenments were taken at lifting tinme. Each
sanpl e plot was neasured separately, and all were
graded and counted by an experienced grader.

Gradi ng specifications were set by nursery



Table 1.-- Actual and target seed densities for the Summit and
Oyjord Seeders using nine tree species at five nurseries.
Significant differences are indicated by “* *” (a=0.1)and
“*" (a=05). “NS’ indicates no significant difference.

Seeds per foot of row

Speci es Nursery Sunmi t Qyjord Tar get S gni fi cance

---(seeds/ft of row---

Dougl as-fir CDA 19.8 18.9 20.6 ns
LPN 14.5 25.8 22.9 **
JHS 12.9 12.8 17.5 ns
Engel mann spruce CDA 16.2 20.9 20.6 *x
LPN 18.0 23.3 21.9 *x
Wi te spruce JWr 29.4 22.8 29.4 *
Nobl e fir WRN 11.7 24.2 21.9 *x
Jack pine JWr 21.9 14.0 18.8 **
Lodgepol e pi ne LPN 14. 4 18.0 19.9 **
Ponder osa pi ne LPN 11.6 18.9 18.1 **
JHS 11.4 11.6 16.2 ns
Red pi ne JWr 20.4 14.3 17.9 *x
Western |arch CDA 22.6 22.0 20.6 ns
Nur sery codi ng CDA — Coeur d'Alene JHS — J. Herbert Stone
IJW — J. W Touney LPN — Lucky Peak

WRN — Wnd Ri ver

Tabl e 2.--Percentage of target seed densities obtained using the
Sunmit Precision Seeder and the Oyjord Seeder. Tests are
grouped by Nursery: Coeur d' Al ene (CDA), Lucky Peak (LPN),
J. Herbert Stone (JHS), J. W Tourney (JW), and Wnd
R ver (WRN). Species code: Douglas-fir (DF), Englenmann
Spruce (ES), western larch (W), |odgepol e pine (LP),
ponderosa pine (PP), white spruce (W), jack pine (JP), red
pine (RP), and noble fir (NF). Significant differences are
indicated by “**” (a =0.1) and “*" (a = 0.1). “NS
indicates no significant differences.

Nur sery Speci es Sunmmi t Oyj ord Si gni fi cant
(%of target) (%of target)

CcDA orl 96 92 ns
ES 79 101 ns
W 110 107 ns

LPN orl 63 113 *x
ES 82 106 *x
LP 72 90 **
PP 64 104 **

JHS DF 74 73 ns
PP 70 72 ns

JWr W8 100 78 *
JP 116 74 *x
RP 114 80 *x

VRN NF 53 111 *x

1 niand variety of Douglas-fir.

personnel and were uni que for each species and
nursery. For all sanple plots, we neasured total
nunber of trees lifted, nunber of trees neeting
specifications, and nunber of nonshippable trees.
From each sanple plot, 10 trees were randomy

el ected for norphol ogi cal neasurenents: top

hei ght, stemcaliper, top dry weight, and root dry
wei ght .

RESULTS AND DI SCUSSI ON

Dat a summari es and anal yses are presented in
tables 1 through 6. Wthin sone of the tests nean
val ues appear to show obvi ous differences.
However, in a few cases the variation in the data
is so great that neans that are visually
different are not statistically different.

Seed Pl acenent
Seedi ng Rates

Overal |, both nachines sowed | ess seed than
the target rates. The Oyjord was under by an
average of 1.5 seeds per foot of row, and the
Summt was under the target by an average of 3.4
seeds when we conbine all the data fromall the
nurseries (table 1).

Wien eval uated by the average nunber of seeds
per foot of row, the Oyjord seeder was nore
consi stent than the Summt seeder. O the 13
tests sown, the Oyjord was within 20 percent of
the target in nine of them The Summit seeder was
within 20 percent of the target in only six
tests. However, the number of seeds per foot of
row, expressed as a percentage of the target, was
inconsistent. In fact, table 2 shows that there

is nmore consistency within the nurseries than
within species. At Coeur d A ene, both nachines
sowed close to the target. At J. Herbert Stone,
bot h machi nes sowed about the same but were al nost
30 percent below target. At Lucky Peak and Wnd
River, the Oyjord sowed close to the target

but, the Summt sowed significantly fewer seeds.
At J.W Touney, the Summt sowed cl ose to the
target and the Oyjord significantly fewer.

Reasons for the differences were not
identified, but we suspected several factors. The
Summit’s accuracy is speed sensitive, and some of
the tractors were nore difficult to regulate than
ot hers. Though speed is not as inportant for the
Oyjord, the machine nmust be properly calibrated
and set up. Were both seeders delivered the same
nunber of seeds but mssed the targets, the seed
cal cul ations or weight measurements may have been
incorrect.

Seed Deltas

A Seed delta is a calculation used by the
manuf acturers of seed sowers to eval uate seeder
operation. It measures the consistency of sow ng
rates between rows for a length of seedbed. The seed
delta is figured through a sinple equation:

S.D. = Maxi mum seeds/row - M ni num seeds/row x | QO
Mean seeds per row

The only information required is the actual seed
delivery rates for each row of the seedbed for a
given length, in this case the 0.5 msanple
plots. The higher the variability in nunber of
seeds delivered between sanpl e rows, the higher
the seed delta.



Fromtable 3 we see that seed deltas varied
greatly between species and nurseries. In only
five of 13 tests were there significant
di fferences between the two seeders (a= 0.05).
Twi ce, the Summit Precision Seeder had a higher
mean seed delta. The Oyjord produced a hi gher
mean seed delta in three tests. This would
suggest that there is little difference between
the consi stency of the seeders

Seed Spaci ng

Definitions of inportant seed spacing terns

are:
Doubl es - seeds (or seedlings) closer than
hal f the average spaci ng
Bl anks - seeds (or seedlings) spaced
greater than 1.5 tinmes the
aver age spaci ng
Singles - between seed (or between

seedling) distances of 0.5 to 1.5
times the average spacing

Seed Deltas-cal cul ations used to eval uate
consi stency between rows.

Aver age nunber of seeds can be ni sl eading.
More hel pful, table 3 sunmarizes the seed spacing
figures for the two seeders. Rows sown with the
Oyj ord seeder had nore doubl es, seeds cl oser than
hal f the average spacing, in seven out of 13
tests. However, in tw of the three tests at the
J. W Touney Nursery we found opposite results
Here, the Summit seeder produced nore doubl es.
There was no difference in doubles at the J.
Herbert Stone Nursery and in one test each at the
J. W Touney and Coeur d’ Al ene

Tabl e 3.--Seed spaci ng neasurenments on plots sown by the Summ t

and the Oyjord Seeders.
doubl e seeds,

. 01.
| evel

indicates a =
the 95 percent

The bl ank space results were simlar to the
“doubl es” analysis (table 3).

The nost inportant measurenent of seed
pl acenent is the nean nunber of seeds that met the
target spacing. Neither the Summit Precision
Seeder nor the Oyjord Seeder is consistently nore
accurate in placing single seed in these tests
(table 3).

Seed Characteristics

W observed sone rel ationshi ps between seed
characteristics and the performance of the
seeders. The Summit Precision Seeder seened to
show i nprovenent over the Oyjord when | arge
symmetrical, and rounded seeds were sown. \Wen
smal|l or angl ed seed was used, the Sunmt sower
had problens in placing one seed at a tine
consi stently.

O the seeds tested in this study, the
spruces were the snallest and white spruce was
much smal |l er than the noderately sized Engel mann
spruce. Bl ack spruce seed at the J.W Touney
Nursery was so small that it could not be
successfully sown by the Summt Precision Seeder
The western larch was al so small. Ponderosa pi ne
seed was the largest, and for that reason produced
the best spacing. Lodgepol e pine seed was smal |l er
than the ponderosa, red pine was smaller yet, and
jack pine had the littlest seed of the pine
speci es. Dougl as-fir seed was |arge but variable
in shape. The coastal variety planted at the J.
Herbert Stone Nursery was much nore triangular in
shape than the nore rounded seed of the inland
variety at Coeur d Al ene and Lucky Peak. The
angul ar shape caused the Oyjord to performbetter
than the Summit. Noble fir seed was |large, but it
was al so resinous, sticky, and often had pi eces of

Preci si on

See text for definitions of blank spaces.

singl e seeds,

and seed deltas.
indicate a significant difference between seeders at a =

NS i ndicates not statistically different at
of confidence.

Val ues separated by a *
.05, **

See table 1 for nursery codes.

Bl ank spaces

Doubl e spaces

Singl e seeds Seed deltas

Speci es Nur sery Summi t Oyjord Sunm t Oyjord Sunm t Qyjord Summi t Qyjord
(mean #/ft of row) (nean #/ft of row (mean #/ft of row) (no units)
Dougl as-fir CDA 4.5 ns 4.8 6.6 * 8.8 8.5 ** 7.0 35 ** 64
LPN 3.0 ** 6.9 5.2 ** 9.9 6.1 * 9.7 46 ns 47
JHS 5.3 ns 5.9 9.2 ns 10.4 12.0 ns 9.8 100 ns 50
Engel mann spruce CDA 2.4 ** 5.4 4.7 ** 8.2 4.4 ns 8.2 133  ** 45
LPN 3.8 ** 5.9 5.9 ** 9.0 7.9 ns 8.8 58 ns 70
White spruce JWr 7.3 ns 6.0 11.3 ns 9.2 11.8  ** 8.4 78 ns 78
Nobl e fir VRN 3.0 ** 7.0 5.0 * 11.5 4.7 * 7.6 141 ns 112
Jack pine JWr 5.3 ** 3.3 7.1 * 5.6 9.4 ** 5.1 78 * 95
Lodgepol e pine LPN 2.8 ** 4.4 4.1  ** 7.0 7.3 ns 6.9 96 * 67
Ponder osa pi ne LPN 2.2 ** 4.7 3.1 ** 7.0 5.9 * 7.5 53 ns 55
JHS 4.1 ** 8.1 5.6 ns 7.4 12.9  ** 9.3 47 ns 52
Red pine JWr 4.7 ** 3.4 6.5 * 5.7 9.0 ** 5.3 51  ** 83
Western larch CDA 5.5 ns 5.5 8.6 ns 8.6 8.6 ns 8.3 61 ns 58




wing still attached. This created cl unping
probl ems in both seeders, especially the Summt.

Seedl! i ng Mappi ng

Fi ve weeks after sowi ng we napped t he
| ocation of all established seedlings. Overall,
the hand-thinned plots showed a | ower seedling
density than both the Summit and the Oyjord Seeder
plots (table 4) and therefore a greater mean
di stance between seedlings. The exceptions to
this were the Engel mann spruce tests (Coeur d’
Al ene and Lucky Peak) and the Douglas-fir (J.
Herbert Stone) in which there were no significant

differences and the noble fir test (Wnd Rver) in
which the Sunmt Seeder produced a | ower density
and wi der average spacing. W could not include
two tests in our analysis of seedling |ocation: at

Lucky peak the ponderosa pine seedbed was next to
a shelterbelt that harbored seed-eating birds, and
the Dougl as-fir seedlot, with an expected 95
percent germnation rate, sinply failed to

germ nate at the expected rate.

In every case the hand-thinned treatnment
produced fewer blank spaces and fewer double
seedlings than the Summt and Oyj ord Seeders.
However, there were even a few bl ank spaces in the
hand-t hi nned plots where seeds were not sown or
did not germnate. This shows that even the hand
t hi nni ng was not preci se.

The thinned plots al so had nore wel | -spaced
seedlings (singles) in eight tests. In the three
tests at J. W Tourmey Nursery, however, the
hand-t hi nned plots did not have the nost: in white
spruce where there was no difference, and jack and
red pine where the Summt Precision Seeder
produced nore. In nost of the tests there is
little difference between the nunber of bl anks,

Seedl i ng Grade and Mor phol ogy

After two years, eight of the 13 tests were
lifted and graded. At that tine there were no
di fferences in seedling height for any of the
sowing treatments (table 6). At lifting time
there were only two cases Qut of eight where nean
seedling caliper (table 5) and total dry weight
(table 6) differed between treatnents: Engel mann
spruce and | odgepol e pine, both grown at Lucky
Peak. In both instances, nmean seedling caliper
and total dry weight were |less on plots sown by
the Oyjord Seeder than the Summt Precision Seeder
and hand-thi nned pl ots.

Cull rates and nunber of shippable trees show
a lack of overall trends except that the plots
sown with the Oyjord Seeder produced as nany or
nore trees that nmet specifications on the grading
tabl e conpared to the Summit Precision Seeder and
the hand-thinned plots (table 6).

CONCLUSI ONS

The pl acerment of seed by the Sunmmit Precision
Seeder and the Oyjord Seeder varied with each
species and nursery. In general, the Oyjord was
successful in comng close to target densities.
However, the seeds were not evenly spaced. On the
ot her hand, the Summit Seeder placed the seed at
nore evenly spaced intervals and seened to be an
i mprovenent over the Oyjord when the seeds were
| arge and rounded. The Oyjord plots tended to
have nore bl ank spaces and nore clunping of seeds,
but this was not the case at the J.W Touney
Nursery where the seeds were snaller and seed
pl acenent results were just the opposite.

Li kewi se, seed delta calculations failed to prove
one seeder to be superior over the other.

doubl es, and singles on plots sown by the two
seeders, even less difference than the seed data
showed.
Tabl e 4--Seedling spaci ng nmeasurenments on plots sown by the Sunmit Precision Seeder, Oyjord
seeders and hand-thinned. See text for definitions of blank spaces, double seeds.
single seeds. A set of values followed by * indicates a significant difference between
seeders at a= 0.05. ** indicates a = 0.01. NS indicates not statistically
different at the 95 percent |evel of confidence. See table 1 for nursery codes.
Seedling density Bl ank spaces Doubl e seedl i ngs Si ngl e seedl i ngs
Nursery  Summt Qyjord Thi nned Surmi t Oyjord Thi nned Sumi t Oyjord Thi nned Summ t Qyjord Thi nned
--(seedlings/ft of row-- --(seedlings/ft of row-- --(seedlings/ft of row-- --(seedlings/ft of row--
Dougl as-fir CDA 15.0 16.7 9.9 *x 3.0 3.9 1.1 *x 5.3 7.0 0.5 *x 6.5 6.2 7.8 *x
JHS 11.5 11. 3 8.8 ns 4.7 5.6 2.2 *x 8.7 9.0 0.8 *x 10. 7 8.7 14.1 *
Engel mann spruce CDA 12. 4 17.1 9.7 ns 2.0 4.1 1.1 *x 6.0 6.7 0.4 ** 4.3 6.8 8.0 *
LPN 1.1 12.2 8.2 ns 2.0 3.4 0.9 *x 4.3 6.1 0.3 *x 4.6 5.3 6.5 *
White spruce JWr 15.9 14.3 7.2 *x 3.6 3.5 0.9 *x 7.5 6.8 0.5 *x 5.2 4.4 5.3 ns
Nobl e fir V\RN 5.4 12.7 6.8 *x 0.7 3.0 1.0 *x 2.5 6.2 1.0 *x 1.7 3.9 4.4 *x
Jack pine JWr 14.8 10.1 6.3 *x 3.3 2.2 0.9 *x 5.5 4.4 1.1 *x 6.2 3.4 3.8 *x
Lodgepol e pine LPN 10.6  13.3 8.6 *x 1.8 3.1 1.0 *x 3.6 5.4 0.4 *x 4.9 4.9 6.6 *
Ponder osa pi ne JHS 8.5 10.0 8.3 *x 3.3 5.1 2.2 *x 4.8 7.3 1.3 *x 8.7 8.0 12.7  **
Red pine JWr 14.1  10.9 6.8 *x 3.5 2.5 0.9 *x 4.9 4.7 0.7 *x 5.9 3.7 4.8 *x
Western larch CDA 17.5 16.2 10.1  ** 4.1 3.9 1.1 *x 6.2 6.3 0.4 *x 7.2 6.2 8.1 *x




Tabl e 5--Seedling Heights end Calipers for
and hand-thinned plots.
indicates a significant difference at a = 0.05.

Seeder,

Summit Precision Seeder Oyjord

A set of values followed by *

** jndicates a =

0.01. See table 1 for nursery codes.
Mean seedling heights-2nd year Mean seedling caliper
Nur sery Summ t Oyj ord Thi nned Summ t Oyjord  Thinned
---(in cm--- ---(in mMm---

Dougl as fir CDA 17.9 16. 6 16.0 ns 3.4 3.4 3.6 ns

LPN -- -- -- ns 2.8 2.8 3.0 ns

JHS 29.5 29.9 30.8 ns 6.6 6.3 6.5 ns
Engel mann spruce CDA 18.6 18.9 19.0 ns 3.8 3.4 4.1 ns

LPN 5.9 5.2 5.4 ns 3.4 3.1 3.5 *
Lodgepol e pine LPN 19.3 18.9 19.0 ns 5.4 4.7 5.6 i
Ponder osa pi ne JHS 22.2 22.6 22.5 ns 6.9 6.5 7.1 ns
Western larch CDA 38.3 37.0 36.1 ns 4.0 3.9 4.2 ns

Wien seed was small such as white spruce or
angl ed on one end such as coastal Douglas-fir, the
Summi t’ s vacuum system had probl ens in picking up
and placing just one seed at a tine. This is why
several of the species showed little difference
between the two seeders. The Summit Seeder al so
had difficulty in sowing the resinous and sticky
noble fir seed at Wnd R ver Nursery

In nost cases there was not much difference
bet ween seedling density with the two seeders
However, the plots that were oversown and hand
t hi nned produced fewer seedlings per unit area
fewer blank spaces, |ess clunping of seedlings
and generally nore well spaced seedlings. The
performance of the two seeders in neeting seedling
target spacings varied with species, but overal
there was little difference.

Even t hough seedbed spaci ng can have great
effects on seedling norphol ogy, in none of the
tests were the spacing differences |arge enough to
have an effect on seedling heights after two years
of growth. In only two tests were there
differences in caliper and seedling dry weight.

Both tinmes the Oyjord plots produced seedlings
with nean caliper and dry weights | ess than the
other two treatnents.

Seedbed density and spacing did not affect
the percentage of total trees that net grading
specifications. In fact, Oyjord plots, which
often had the poorest seedling spacing, produced
as many or nore shippable seedlings per unit area
than the other two treatnents in all of the tests.

Seedl ing spacing is a function of seed
pl acenent and seedl ot germnation. This conpl ex
problemand the way it influences seedling growh
and nor phol ogy depend on nany factors. Many of
these factors were not nmeasured in this study. It
appears that the differences in seedling spacings
were not great enough to change the seedling
nor phol ogy. Even when we hand thinned plots to
speci fied seedling spacings, we did not greatly
reduce the cull rates and total shippable seedling
production per unit area dropped

Table 6. --Seedling dry weights and grades for Summit Precision Seeder. Oyjord
Seeder and hand-thinned plots. A set of values followed by * indicates
a significant difference at a= 0.05. indicates a = 0.01. NS
indicates no significant difference at the 95 percent |evel of
confidence. See table 1 for nursery codes.
Total seedling dry weight Shi ppabl e seedlings Mean nunber of shippable trees
Nur sery Summi t Oyjord Thinned Summi t Oyjord Thinned Summi t Oyjord Thinned
---(grams)--- ---(percent of total)--- ___(#,ftz)___
Dougl as fir CDA 4,12 4.16 4,52 ns 74 72 74 ns 54 51 33 *x
LPN 1.35 1.33 1.41 ns 64 56 55 ns 6 10 7 --
JHS 16. 53 14. 07 14.75 ns 47 65 85 ns 35 43 46 --
Engel mann spruce
CDA 5.42 4.15 6.34 ns 72 79 78 * 38 60 33 *
LPN 1.89 1.49 1.76 * 59 64 64 ns 12 14 7 *
Lodgepol e pine
LPN 10.81 7.52 11.30 *x 69 76 79 *x 15 24 15 *x
Ponder osa pi ne
JHS 13.24 11. 65 13.93 ns 37 45 40 ns 11 15 11 --
Western larch
CDA 3.62 4.03 4.58 ns 73 75 81 ns 35 35 24 *x




The results of this study enphasize sonme of
the major underlying problens that nmust first be
solved if we desire evenly spaced and
nmor phol ogi cal | y consi stent seedlings. A machine
that can place seed exactly where we would |ike
loses its value quickly as the germnation rate of
our seed goes down. Even a precise and consistent
seeder using a high germnation seedlot is of
little value if we have not determ ned the optinmm
nmor phol ogi cal characteristics of the seedlings we
are growi ng and the spacing that will produce
those results.
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