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Abstract.--H ghlights are presented froma |arge cooperative study to

det erm ne the conbi ned effects of nursery cul tural
si ze and subsequent field performance of 2+0 Dougl as-fir
The study invol ved seven sources of stock produced in three

initial
seedl i ngs.

practices on the

different nurseries and field plantings made over 3 years on 28 sites in
sout hwest ern O egon. Seedbed density had nore effect on the size of

seedl i ngs produced and on subsequent 4-year field survival

and growth than

did variations inirrigation frequency or undercutting and w enchi ng.

I NTRCDUCTI ON

A | arge cooperative research endeavor to
determ ne the conbined effects of nursery cul tural
practices on the size and subsequent field
perfornmance of 2+0 Dougl as-fir seedlings has been
underway in southwestern Oregon for the |ast
decade. 3 This short report provides nurserymen
a prelimnary synopsis of field results that, when
fully analyzed, will be covered in one or nore
scientific articles.

OBJECTI VES

Nursery cultural practices used in the
production of bareroot stock received renewed
enphasi s during the 1970's. Wenchi ng was gi ven
particul ar attention, but various studies were
al so made on the effects of seedbed density,
undercutting, fertilization, and other practices.
Mich i nformation was produced by these studies,
but there remained i nportant gaps in our
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under st andi ng; narely, (1) There was conflicting
evi dence on the benefits of wenching. (2) Mst
studi es had neasured the effects of varying a
single practice at only one nursery. (3) The

| onger -termeffects of nursery practices on
seedling field perfornmance were not known.

A nmul ti-faceted study involving three
nurseries, outplantings in 3 years, and subsequent
fiel d observations for 4 years was carried out to
learn nmore about the conbined effects of nursery
practices. The first description of this study
was reported at the Nursery Council's neeting in
Eureka, California (Jaramllo 1978, Stein 1978),
and conpl eted results for one facet of the effort
were reported at the Council's neeting in Coeur

d' Al ene, Idaho (Stein 1984, 1985).
METHODS
The general approach in this investigation

was to subject Douglas-fir seedlings to different
conbi nations of nursery cultural practices during
their second year in the nursery, measure a sanple
of the seedlings produced, and subject other
sanpl es to greenhouse and out door perfornance
tests. The key perfornmance test involved planting
rows of seedlings representing each treatnment
conbi nation on contrasting forest sites. Over a
3-year period, trials were made with seedlings
from seven seed sources grown in three nurseries
and tested by identical nethods.

In four trials, seedlings were produced in 18
conbi nations of three nursery practices--two
nmoi sture regines, three levels of root
di sturbance, and three seedbed densities. In tw
additional trials, fertilization was al so vari ed,
and each nursery practice was applied at two
| evel s--16 conbi nations. One trial had only nine
treatnent conbinations--three |l evels of root
di sturbance and three seedbed densities.



In each trial, treatnent conbinations were
replicated three tines on stock of the sanme seed
source--in nmost instances, replications were nmade
in seedbeds adjacent to each other. Every
treatment conbinati on was randonmly assigned to a
plot in each bed. Either in the fall of the first
season or early spring of the second, all plots
were thinned as specified to 10, 15, or 30
seedl i ngs per square foot (108, 161, or
323/sg. m). Later in the spring, one-third of the
plots were undercut at 6 inches (15 cn). Another
third of the plots, as designated beforehand, was
under cut and w enched at 8 inch (20-cn) depth when
seedlings were 8 i nches (20 cm tall, with
wrenchi ng repeated at 3-week intervals until
Sept enber. The renmining third of the plots
recei ved the same undercut and w enchi ng treat nent
and. in addition, was vertically root-pruned on
two sides every 6 weeks. In their second grow ng
season, seedlings were irrigated often enough
before June 15 to keep their noisture stress at
dawn below 5 bars. In the follow ng 2 nonths,
seedlings in half the plots were allowed to reach
stresses up to 12 bars before rewatering. In late
sumer and autumn, all seedlings were allowed to
reach the higher stresses before rewatering.

Sanpl es of seedlings fromall treatnments were
collected in fall and winter for neasurement of
size and tests of performance, but only those
lifted in winter were outplanted on forest sites.
To achi eve equal sorting of all treatments, only
damaged seedl i ngs and obvious runts were cull ed.
Thus, sone snall-diameter or short seedlings that
nornal |y would be culled were included in the sets
of sanpl e seedlings.

Seedl i ngs of a single seed source were
planted on four clearcuts appropriate in |ocation

and el evation for the source. Planting sites were
chosen to represent contrasting conditions--
general ly noderate to severe reforestation
situations (fig. 1). Three blocks of test trees
were planted on each site; each bl ock contained
one row of each treatnent. Rows contai ned

20 trees each. Thus, each treatment conbination
was represented by 240 trees per seed source—
12 rows in three replications at four locations.
Trees planted in the third year were protected by
pl astic nmesh tubing. Mbst outplanting sites were
on Bureau of Land Managenent |ands both east and
west of Roseburg, O egon.

Survival and total height of outplanted
seedl i ngs were obtained after the first, second,
and fourth grow ng seasons. Al so, the size
attributes at outplanting were nmeasured for
seedlings fromall treatnent conbinations. For
purposes of this broad overview, an average was
cal cul ated for each irrigation, wenching, and
density level tested on the individual seed
source. Treatnent averages fromall seed sources
with the sane treatnent conbi nations were then
summed and overal | averages cal cul ated. Six of
the seven seed sources included conmpari son of two
nmoi sture levels, but only five included three
I evel s of root disturbance and seedbed density.

RESULTS
Seedl i ng Si ze

Seedlings tested for field performance were
generally of nediumlength, sturdy, and well-
bal anced. Top | engths of seedlings averaged
10.1 inches (25.7 cnm, and neans ranged from8.0
to 12.8 inches (20.4 to 32.5 cn) anong the seven

Figure 1.--Seedlings were planted on contrasting sites in geographic |ocations appropriate to the seed
source. Sites included: (LEFT) a steep, unburned north slope at 2,800 feet (850 nm) in the Cascade
Mount ai ns east of Sutherlin, Oregon, and (R GHT) a freshly burned south sl ope reclained fromever-
green brush at 1,700 feet (520 nm) in the Siskiyou Muntains south of R ddle, O egon.



seed sources. Stemdi aneters averaged 0.19 inches
(4.9 nmm), and source neans ranged fromO0.16 to
0.23 inches (4.0 to 5.9 nmm). Total dry weights of
seedl i ngs averaged 7.4 gm with source neans
ranging from5.5 to 9.6 gm Top-root ratios
averaged 1.83 and ranged from 1.47 to 2.34 anong
the seed source neans

The conbi nations of cultural practices under
whi ch seedlings were produced influenced sone of
their physical attributes but had little influence
on others. Additional irrigation produced
seedlings that averaged 0.3 inch (0.8 cn) taller,
the same dianeter and weight, and slightly
different in top-root ratio, 1.87 versus 1.80
than those irrigated with | ess frequency.
Seedl i ngs undercut and wrenched after reaching a
specified target hei ght averaged 0.4 inch (1.1 cm
taller than those undercut early in the season
their stemdianeters averaged slightly |ess
however, 0.20 versus 0.21 inches (5.1 versus
5.3 mm). Average dry weight and top-root ratio
were al nost equal for seedlings subjected to
under cutting, undercutting and w enchi ng, and
under cutting and wrenching plus root pruning
treatments

Seedbed density had no effect on average top
length of seedlings but influenced their average
stemdianeter and total dry weight. Anong the
seed sources tested at three densities, stem
di aneters averaged 0.23, 0.20, and 0.18 inches
(5.7, 5.2, and 4.6 mm), respectively, for the
| east dense to the nost dense seedbeds. Total dry
wei ghts averaged 9.2, 7.3, and 5.5 gmper seedling
fromthe | east dense to the nost dense seedbeds
and top-root ratios were 1.73, 1.83, and 1.93

Fi el d Perfornmance

Two-thirds of the seedlings planted in the
field were alive at the end of 4 years. The
average survival anong the seven seed sources (and
the different geographic areas they represented)
ranged from 38 to 83 percent and anong the 28
| ocations at which the seedlings were planted from
14 to 92 percent. Survival in mdseason of the
first year averaged 96 percent or nore for al
seed sources except one, denonstrating that
heal thy seedl i ngs had been planted on all but the
four | ocations receiving stock of this source
M dseason survival was 75 percent for the seed
source affected by root rot in the nursery. This
source al so averaged the | owest survival by the
fourth year (38 percent) and had the | owest
average (14 percent) for any single field
| ocation. Low survival at another field |ocation
resulted fromplanting an area where grass and
ot her conpetition was al ready established

Variations in the cultural practices under
whi ch seedlings were produced had only ninor
influences on their field survival. Survival for
seedl i ngs produced under noderate noisture regi mes
averaged 4 percent higher than for those produced
under abundant noisture regi mes. Survival for
seedlings that were only undercut averaged j ust
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3 percent |ower than those subjected to
undercutting plus wenching or wenching and si de
pruni ng. Seedlings produced at the highest
seedbed density averaged 6 percent |ower survival
than t hose produced at the | owest density.

Seedl i ngs averaged 28.4 inches (72 cm) in
total height 4 years after outplanting. As m ght
be expected, there were |large differences anong
sources (and the geographic areas they
represented) in average total height--from17.6 to
52.5 inches (45 to 133 cn). Anobng all 28
| ocations, average total height ranged from11.7
to 63.9 inches (30 to 162 cn). There was as much
as a two to one difference in total height anong
| ocations planted with seedlings of the same
source. Heavy browsing by deer caused seedlings
at one location to be substantially shorter than
el sewhere

Only the density at which seedlings were
grown had a naterial effect on their total height
inthe field 4 years later. Average total height
varied 0.4 inch (1 cn) or less for seedlings
produced under the two noisture regimes or the
three root disturbance treatnents. Average tota
hei ght was 1.8 inches (4.5 cn) greater for
seedl i ngs produced at the | owest seedbed density
than for those produced at the highest density and
intermedi ate for seedlings frommediumdensity
beds.

Stemdiameters, nmeasured at 12 inches (30 cn)
above ground | evel, averaged nearly 0.4 inches
(9.8 M) 4 years after outplanting. There were
large differences in average stem di aneter anong
seed sources and the geographic areas they
represented, ranging from0.2 to 0.7 inches (5.6
to 18.4 mm). For individual |ocations, the range
was even greater, fromO0.15 to 0.88 inches (3.7 to
22.4 mm). Again, the cultural effect of seedbed
density was nore evident 4 years after outplanting
than were the effects of noisture regine or |eve
of root disturbance, but all treatnent differences
anong average dianeters were small, .04 inches
(1 mm) or less.

DI SCUSSI ON

The seedlings outplanted in this study varied
substantially in size, but on the average, they
met the quality standards considered desirable for
Dougl as-fir planting stock--top | ength over
8 inches (20 cn), stemdiameter 0.12 inches (3 nm
or larger, and good bal ance between tops and
roots. Top-root ratio was |ow, averaging 1.83
with a range of 1.31 to 2.43 anong treatnents
W enching regimes were tined to produce
good- si zed, bal anced seedlings, and this objective
was achi eved. When out pl anted, the prinary
physical differences anong seedlings of different
treatments were differences in stemdianmeter and
weight attributable to the densities at which they
wer e produced

Four years after outplanting, differences in
survival and growth of seedlings reflected



primarily the initial size effects attributable to
seedbed density. Heavier seedlings, resulting
from | ower seedbed densities, tended to survive
and grow better in the field. The effects reflect
relatively small differences in density of the
seedbeds--a target difference of 10, 15, and 30
seedl i ngs per square foot (108, 161, or 323/sg. m
at the start of the second season. The | owest
density at harvest was near 10 per square foot
(108/sg. m) but actually closer to 25 than 30 per
square foot (269 than 323/sq. n) at the highest
density. Studi es have shown that |arge seedlings
do better than small seedlings on favorable sites,
and within the limts of the seedling sizes
tested, results of this study indicate that |arger
seedlings also tend to do better on sites where
noi sture stresses are noderate to severe.

Despite large differences in the climtes and
soils in which seedlings were produced and field
tested, the same conbinations of cultural
practices had similar effects. This is an
inportant finding for it inproves the
predictability of seedling performance--when
seedlings treated the same way in different
nurseries respond the sane way, not necessarily in
magni tude but in direction of the response. Among
the range of cultural practi ces tested, evidence
fromthis study indicates that seedbed density is
a nore critical determi nant of seedling size and
future performance than are nore frequent watering
or nore root disturbance from w enching.
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