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PERFORMANCE Or `PIFICIALLY SHADED
CONTAINER-GROWN DOUGLAS-FIR SEEDLINGS
ON SKELETAL SOILS

ABSTRACT
One-year-old container-grown Douglas-fir
[Pseudotsuga menziesii (Mirb.) Franco]
seedlings were outplanted on north, east,
south, and west aspects on steep, skeletal
Xerochrepts in southwest Oregon. After 2
years, survival rates were highest on north
and south aspects, but biomass production
(dry weight) was greatest on the west aspect.
Shadecards, used to artificially shade half

INTRODUCTION
Forest land managers in southwest Oregon are
increasingly concerned about the reforesta-
tion failure of harvested lands and the domi-
nation of productive sites by grass and brush
species. Regeneration uncertainty has
resulted in the withdrawal of more than
68,300 ha of public commercial forest land
from the timber production base (U.S.
Department of the Interior 1978, 1979) of
about 2,480,327 ha (Bassett 1979).

In the Siskiyou Mountains, many factors may
account for plantation failure, but
transpiration demand, high soil temperatures,
and limited moisture supply combine to form
the primary cause of seedling mortality,
especially on steep sites with shallow, well-
drained skeletal soils. Reforestation is
further complicated by competition from
various sclerophyll brush species which are

of the seedlings on each aspect, increased
survival by 27 percent on the south aspect
but had little effect elsewhere. Shadecards
significantly increased height growth on the
west aspect but affected height less on the
south aspect. These results and those of
other studies suggest that shadecards may
increase Douglas-fir seedling survival under
certain conditions.

difficult to control and frequently respond
to fire or mechanical damage by vigorously
resprouting.

Shade significantly Improved the survival of
planted bareroot Douglas-fir seedlings on
droughty sites in Oregon (Minore 1971, Lewis
et al. 1978). In another study, however,
shade did not increase the survival of
planted bareroot Douglas-fir seedlings in
northern California (Strothmann 1972). In
view of these differing results, an experi-
ment was designed to better define the use-
fulness of shadecards on different aspects
with shallow skeletal soils where total re-
forestation failure had previously oc-
curred. Container-grown 1-year-old Douglas-
fir [Pseudotsuga menziesii (Mirb.) Franco]
seedlings were selected because they may per-
form better than bareroot stock in rocky
soils (Stein and Owston 1975, Hobbs 1982).
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STUDY AREA
Four test sites were established on north,
east, south, and west aspects in northwestern
Josephine County (lat. 42° 30' N., long. 123°
45' W) in the Mixed-Evergreen Zone (Franklin
and Dyrness 1973) of the Siskiyou Mountains.
Clearcut and broadcast burned between 1971
and 1976, these sites were partially domi-
nated by several scierophyll species
including tanoak [Lithocarpus densiflorus
(Hook E Arn.) Redh.], canyon live oak
(Quercus chrysolepsis Liebm.), western rho-
dodendron (Rhododendron macrophyllum G.
Don), and golden evergreen chinkapin
[ Castanopsis chrysophylla var. minor (Benth.)
A. DC.]. Brush coverage was visually esti-
mated at 40 percent of the surface area for
the north, east, and west aspects. Brush on
the south aspect, where coverage exceeded 90
percent, had to be removed with chainsaws;
but by the end of the first growing season,
brush cover from prolific resproutirig
approximated that of the other sites.

The climate is characteristically dry and hot
from late spring until midfall; winters are
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mild and wet. Mean annual precipitation
ranges from 178 to 203 cm on areas adjacent
to the study sites (U.S. Department of
Agriculture 1979). Only about 18 percent of
the precipitation falls during the growing
season, between April and September
(Gratkowski 1961) ; from zero to 6 percent
occurs between June and August (U.S.
Department of the Interior. 1978). Average
annual, January, July, and maximum July air
temperatures at the nearest weather station
are 12.1, 3.9, 21.1, and 32.2°C, respectively
(U.S. Department of the Interior 1978).

Slopes range between 65 to 72 percent at ele-
vations of from 701 to 823 m. Soils are
classified as loamy-skeletal Xerochrepts.
Estimates of coarse-fragment content range
from 40 percent on the south aspect to 70
percent on the east. A surface mantle of
ravel composed of loose gravel and cobble
covers the mineral soil on all sites (Fig.
1), an unstable surface condition common to
many areas in the Slskiyous.
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CONTAINER-GROWN DOUGLAS-FIR SEEDLINGS 2 YEARS AFTER
OUTPLANTING, SURROUNDED BY RAVEL ON THE WEST ASPECT
(LEFT) AND BY A VEXAR® TUBE, WITH SHADECARD IN
PLACE, ON THE SOUTH ASPECT (RIGHT).



METHODS
One-year-old Douglas-fir seedlings grown in
Leach cell 66-cm3 containers were outplanted
on the four aspects in March 1979. Seedlings
were planted by hoe after ravel was removed
by hand-scalping and a horizontal bench
constructed in the mineral soil with the hoe.
One hundred and eighty seedlings were planted
on each aspect, one-half of which were arti-
ficially shaded by 20- x 30-cm cardboard
panels (shadecards) mounted on adjustable
metal frames (Fig. 1). Shadecard orientation
was south on all aspects, and seedlings were
protected against deer and elk browsing by
flexible Vexar® tubes.

Before planting, 120 seedlings were randomly
withheld so that baseline data for dry-weight
biomass could be established. Immediately
after outplanting, seedling height and

RESULTS AND DISCUSSION
The primary cause of mortality on all aspects
regardless of shade treatment appeared to be
drought. Seedlings usually died after pro-
ducing some new shoot growth but before
setting bud. Survival was independent of
artificial shading except on the south
aspect, where it was 27 percent greater for
shaded seedlings by the end of 1980 (Table
1). Paradoxically, the highest survival
rates were on the north and south aspects
whereas the poorest survival rate was on the
east aspect. Brush clearing to facilitate
planting in 1979 undoubtedly enhanced sur-
vival on the south aspect in spite of rapid
resprouting.

Subsequent excavation of 30 seedlings per
shade treatment from each aspect in November
1980 revealed that a number of seedlings had
been naturally colonized to form ectomy-
corrhizae. Shade treatment did not affect
the percentage of seedlings colonized, but
substantial differences occurred between
aspects (north 48 percent, east 29 percent,
south 98 percent, west 83 percent). Although
a cause and effect relationship between ecto-
mycorrhizae and survival cannot be conclu-
sively demonstrated from these data, the
beneficial effects of ectomycorrhizae are
widely recognized. It is not inconceivable
that ectomycorrhizae may act as a compen-
sating factor on the dry southern slopes of
the Siskiyous, particularly because they may

diameter were measured. Seedling survival,
height, and diameter were also measured in
November 1979 and 1980.

Thirty seedlings were randomly selected from
each shade treatment on each aspect and care-
fully excavated in November 1980. Shoots and
roots were then oven dried at 70°C for 24
hours, and dry-weight biomass was measured.
Within aspects, a priori survival differences
due to artificial shading were examined for
treatment independence with chi-square 2 x 2
contingency tables (Snedecor and Cochran
1967). Other a priori differences for
height, diameter, and shoot and root biomass
were evaluated with Bonferroni multiple com-
parisons (Neter and Wasserman 1974) and
Student's t-test (Snedecor and Cochran
1967).

improve drought resistance and water uptake
(Safir et al. 1971, Bowen 1973).

Two years after outplanting, significant dif-
ferences among aspects were apparent for all
seedling characteristics (Table 2). Overall
increases in seedling size were greatest on

TABLE 1.

SEEDLING SURVIVAL (%) BY ASPECT AND
SHADE TREATMENT.

North East South West

1979
Shaded 98 53 90 62

Unshaded 92 50 74 58

1980
Shaded 98 47 87 58

Unshaded 92 43 60 51

C hi-squarea 1.91 0.15 15.02*** 0.56

aChi-square evaluation of shade treatment in-
dependence is for 1980 survival only (correc-

ted for continuity).

***Significant at P = 0.005.
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the south and west aspects. Shadecards only
affected seedling height on the south and
west aspects, although seedling response be-
tween these aspects was completely different
(Table 2). Whereas shadecards were asso-
ciated with greater seedling height on the
west aspect, a reverse trend was observed on
the south aspect. The reason for this is

unclear; however, a shade-by-aspect interac-
tion is likely, particularly because moisture
probably is less available on the west aspect
due to differences in soil characteristics

(percentage of coarse fragments and texture).

These test results demonstrate that shade-
cards improved survival on the south aspect
and support earlier findings by Lewis et al.
(1978) and Petersen (1982). However, the
general utility of shadecards on south
aspects with skeletal soils is still somewhat
suspect, particularly since very poor sur-
vival was recorded on sites with high coarse-
fragment content regardless of shade
treatment (Petersen 1982). Yet in a separate
study of Douglas-fir stocktypes conducted on

a site almost identical to the south aspect
discussed here, survival of unshaded 1-0
container-grown (164-cm- Leach cells)
seedlings was 91 percent after 2 years, as
compared with 56 percent for 2-0 bareroot
seedlings (Hobbs 1982), the stocktype used In
previous studies (Lewis et al. 1978, Petersen
1982). This suggests that, on skeletal
soils, stocktype selection may be as impor-
tant as using shadecards. Other studies on
dry sites in northern California and south-
west Oregon have shown that both artificial
shade (Strothmann 1972) and the shade pro-
vided by a shelterwood overstory (Helgerson
et al. 1982) had little impact on survival of
planted Douglas-fir seedlings.

These differing results suggest that any
gains in survival or growth from shadecards
may be strongly dependent upon individual
site characteristics and that the use of
shadecards should be governed accordingly.
Shadecards may also be of benefit where stock
quality is inadequate and microsite ameliora-
tion necessary.

MEAN SEEDLING CHARACTERISTICS BEFORE PLANTING AND 2 YEARS LATER, BY
ASPECT AND SHADE TREATMENT.

Height (cm) Diameter (mm)
Shoot

biomass (g)
Root

biomass (g)
Shaded Unshaded Shaded Unshaded Shaded Unshaded Shaded Unshaded

Before
planting 13.7 2.1 0.6 0.4

After
planting,
by aspect

North 25.4a 24.2a 3.6a 3.7a 1.9a 1.9a 1.2a 1.2a

East 24.6a 23.2a 3.5a 3.4a 1.8a 1.7a 1.4a 1.3a

South 29.7a 32.9b 4.5b 4.8b 3.4a 4.2b 2.5b 2.7b

West 35.7b 31.5b 5.6c 5.3c 6.8b 6.Ib 3.8c 3.6b

NOTE: Mean values underlined indicate a significant difference (P = 0.05) within aspect
due to shading treatment on the basis of Student's t-test. Numbers in the same column
not followed by the same letter are significantly different (P = 0.05) by aspect on the
basis of Bonferroni multiple comparisons.

TABLE
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