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Abstract.--To investigate the potential of container
grown seedlings outplanted on adverse sites, field survival
trials were conducted using a variety of container types dur-
ing the years 1971, 1972, and 1973. Field survival of Jeffrey
pine seedlings was highest in a 9-inch plastic mesh container.

INTRODUCTION

As forest producing lands decrease and
demands for forest products and amenities
increase, there is a corresponding need to
develop effective methods of reforestation
on adverse as well as favorable sites. The
eastside Sierra Nevada mountains exemplify
this need and present particularly difficult
regeneration problems. A long history of re-
curring fires, early and continued logging,
and, more recently, large residential develop-
ments have all contributed to reduced forest
cover over much of the area. While many of
these areas have naturally regenerated, others
have reverted to shrub communities. Natural
successional cycles will eventually replace
these seral communities with tree species.
However, this process may require over 100
years (Skau, Meeuwig, and Townsend 1970).

Attempts to restock these sites using
conventional artificial regeneration techniques
have been largely unsatisfactory. Failures in
direct seeding attempts have been caused by
infrequent and unpredictable seed crops, un-
favorable environmental conditions, and high
losses to seed-eating rodents (Skau, et al.
1970; Schubert and Adams 1971). In addition,
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extended summer drought, excessive competition
from established shrubs and the unavailability
of locally produced nursery stock have all con-
tributed to the poor performance of bare-root
seedlings.

The use of container grown seedlings
offers several advantages which may increase
field survival especially on adverse sites.
These include greater control of environmental
factors during rearing and the production of
an actively growing, relatively undisturbed
root system. Kudrjavcev (1965), working in
the pumice soils of eastern Oregon, reported
90 percent survival of ponderosa pine (Pinus
ponderosa) grown in large containers. In con-
trast, trials with small containers on eroded
watersheds in Mississippi have produced incon-
sistent and erratic results (McClurkin 1971).
Miller and Schneider (1971), however, reported
first year survival rates as high as 94 percent
when jack pine (Pinus banksiana) was grown in
small containers and outplanted on modified
sites in Michigan. Owston (1972) concluded
that although large containers have biological
advantages for small scale, high priority
plantings, their use could not be recommended
until further field tests have been performed.
Successful establishment of roadside plantings
utilizing very large plastic mesh containers
has been reported by Hodder and Sindelar
(1972). Wollum, et al. (1973) have reported
a survival rate of approximately 70 percent
for ponderosa pine grown in plastic mesh con-
tainers and outplanted on open sites in New
Mexico.

METHODOLOGY

The primary objective of this research
is to investigate the potential of a contain-



erized regeneration system on adverse sites
where conventional regeneration methods had
failed.

Materials

Seed

Locally collected Jeffrey pine (Pines
jeffreyi) seed was used for all trials. Re-
lated species trials indicated a higher survi-
val rate for Jeffrey pine than all other native
and introduced species. Also, Jeffrey pine has
a high commercial value in this area as a tim-
ber producing species. All seed was stratified
prior to sowing to insure prompt germination
and uniform seedling age.

Potting-mix

A sandy-loam soil was used as a potting-
mix in the 1971 trial. However, potting-mix
trials later indicated that a more extensive
root system was developed in vermiculite-peat
mixtures than in the sandy-loam soil. Thus,
in subsequent trials, a mixture of 5 parts
vermiculite and 1 part peat was used as the
potting-mix. The containers were hand filled
with potting-mix, sown with seed, and placed
in the greenhouse.

Containers

The container types included in the 1971,
1972, and 1973 trials are shown in figures 1,
2, and 3 respectively. A description of the
containers used in all trials is given in
table 1.

Rearing Techniques

Uniform, favorable growing conditions
were maintained throughout each container
trial. Water was applied as needed throughout
the greenhouse stage and a complete water sol-
uble fertilizer was applied biweekly follow-
ing germination. Root pruning was accomplished
by use of a copper base wood preservative. The
1972 and 1973 trials received an extended photo-
period which consisted of a 14-hr. light period
with the dark period interrupted for 1 hr. The
seedlings were grown under greenhouse conditions
for 7 weeks in 1971, 10 weeks in 1972, and 11
weeks in 1973, after which they were moved out-
side for approximately 2 weeks prior to out-
planting. Hardening-off conditions consisted
of reduced watering and normal fluctuations in
temperature and sunlight. The containerized
seedlings were outplanted in June and early
July depending upon the snowpack conditions
in the mountains.





Site Selection

Presently on the eastside Sierra Nevada
mountains, there are many areas which have
failed to regenerate either naturally or arti-
ficially following removal of the forest cover.
These adverse sites are usually 7,000- to 10,000-
feet in elevation, have 30 to 50% slopes, south-
erly and westerly aspects, poorly developed
soils, and little summer precipitation. Al-
though annual precipitation is 24- to 35-inches,
growing season precipitation is usually less
than 1-inch. Soils are shallow, excessively
drained, and derived from granite and/or ande-
site. Three areas, a logged area, a burned
area, and a developed area, were selected with
these typical adverse environmental conditions.

Initial trials in 1971 and 1972 were con-
ducted on a recently logged area located 1 mile
from Marlette Lake on the east rim of the Lake
Tahoe Basin. Earlier attempts to restock this
area by seeding and planting bare-root stock
had failed. In 1973, the trial was expanded
to included a burned area and a developed area.
The burned area is located on a burned-over
slope of the Donner Ridge fire. This site had
been terraced by the U.S. Forest Service and
repeated plantings of bare-root seedlings had
less than 45% survival. The developed area is
located in Incline Village, a recent residen-
tial development on the northeast side of Lake
Tahoe. The sites selected in this area were
located on roadside cut slopes.

Experimental Design

A randomized block design was used which
consisted of 10 blocks (1971) and 6 blocks
(1972 and 1973) at the logged area and 5
blocks (1973) at both the burned and roadside
areas. Ten seedlings of each container type
were randomly assigned to rows within each
block. The rows followed along the contours
and were spaced 2- to 3-ft apart, while the
individual seedlings were planted 1- to 2-ft
apart within each row.

Survival counts and the cause of mortality
were recorded at monthly intervals during the
first growing season. Subsequent yearly survi-
val counts were taken in the spring and fall of
each year. Data were summarized and percent-
ages were transformed to arc sin percent
for analysis of variance (Steel and Torrie 1960).
The mean survival by container type for each
year's trial was analyzed by Duncan's New Multi-
ple Range Test, while individual and group con-
tainer effects were isolated by orthogonal com-
parisons.

RESULTS

1971 Trial

Overall survival was low, with the highest
first year sur val only 31% in the 2x6-Paper-
pot containers4/ (table 2). After 3 years, the
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1x6-Conwed containers had 19% survival while
the 2x6-Paperpot had dropped to 14%. Mean sur-
vival, however, was favorably influenced by
container length. Containers 6-inches in length
showed a significantly higher survival rate than
the shorter container types. 5/                                              

The major causes of mortality were desic-
cation and rodent damage, with other causes
amounting to less than 15%. Rodent damage
was a particular problem on the Paperpot con-
tainers. These containers sustained signifi-
cantly (.01) higher mortality from rodent-
caused damage than did Conwed containers. The
major type of rodent damage consisted of digging
around the container, following which the paper
was totally or partially removed, thus exposing
the root system and resulting in seedling death
(fig. 4). This type of damage usually occurred
within a few days after outplanting, and often
resulted in a complete loss of seedlings in
the Paperpot containers. Clipping of seedling
stems contributed to a minor portion of the
total rodent damage. Paperpot containers con-
tinued to sustain rodent damage even during the
second and third year in the field.

1972 Trial

The highest first year survival was 67%
in the 2x9-Conwed container (table 3). Sur-
vival in this container was significantly
higher than all other container types included
in the trial. Increasing the tube length 3-
inches resulted in a marked increase in first
and second year survival. Conwed containers
9-inches in length showed a significantly (.01)
higher survival rate than 6-inch Conwed contain-
ers (table 4). Similar results were also found
in a comparison between Paperpot containers H-
and 6-inches in length. However, comparisons
between 1- and 2-inch diameter Conwed contain-
ers of the same length indicated no signifi-
cant difference in seedling survival.

5/Unless otherwise stated, statistical
significance is at the .05 level.

As in 1971, the major causes of mortality
were desiccation and rodent damage, with win-
ter-caused mortality comprising a minor part
of the total. Again, rodent damage was severe
on Paperpot containers, amounting to a loss of
more than 50% of all seedlings outplanted in
these containers. Seedlings in Conwed contain-
ers had significantly (.01) higher first and
second year survival than those in Paperpot
containers (table 4). Although rodent damage
was lower in the Conwed containers, it still
resulted in a considerable loss of seedlings
(table 3). In a related study, there was no
rodent damage on Conwed containers in which
3-inches of the plastic mesh was exposed above
the soil surface (fig. 5).



1973 Trial

The highest first year survival rate was
86% in the 2x9+3-Conwed containers outplanted
at the burned site. Overall survival in the
Conwed containers was higher than other contain-
er types tested, while that in the Paperpot con-
tainers was the lowest (table 5). When all
sites are considered, survival in the 2x9+3-Con-
wed containers was significantly higher than both
the 2.5xl2-Zeiset and 2x8-Paperpot containers,
while the 2x8-Paperpot had significantly (.01)
lower survival when compared to all container
types. Increasing container length to 12 inches
did not result in significantly higher survival
rates. Overall survival of container types was
highest at the burned site. The results showed
similar differences between container types at

the logged and burned areas, however, no signi-
ficant difference between container types was
found at the roadside area.

Causes of mortality remained consistent
with the 1971 and 1972 trials, with heavy rodent
damage occurring on the Paperpot container. In
comparison, Conwed containers exhibited consid-
erably less rodent damage, with no damage noted
on the 2x9+3-Conwed container (table 5).

1/See figure 3 and table 1 for detailed
description of container types.

2/Means with same superscript are not
significantly different.



DISCUSSION

The results from these field trials show
that container grown seedlings offer consider-
able potential for achieving satisfactory sur-
vival rates on adverse sites. However, con-
siderable variation in survival by container
type was evident. Seedlings in small contain-
ers, 6-inches or less in length, had excessive-
ly high mortality rates. Apparently the shal-
low planting depth of these containers did
not promote root growth to a sufficient depth
to avoid the drought stresses imposed during
the growing season. Although these contain-
erized seedlings were outplanted with soils
at field capacity, the lack of rainfall com-
bined with low soil water holding capacity
imposed severe water stress conditions early
in the growing season. Increasing container
length to 9-inches increased survival signifi-
cantly. However, using containers 12-inches
in length made planting considerably more dif-
ficult and did not result in higher survival
rates.

In addition to mortality caused by grow-
ing season drought and subsequent dessication,
damage by rodents resulted in high losses on
paper containers. Rodent-caused mortality,
however, was lower on plastic mesh containers
and eliminated completely when 3-inches of
the container was exposed above the soil sur-
face. A beneficial microclimatic influence
may result from this container extension
around the seedling stem, but specific effects
are unknown at this time.

Since conventional bare-root seedlings
were not included in these trials, direct com-
parisons with containerized seedlings cannot
be made. However, recorded survival rates
for bare-root seedlings planted on these ad-
verse sites has ranged from 33-43%. The higher
survival rates of seedlings in certain con-
tainer types not only indicate the greater
potential for successful establishment using
containerized seedlings, but also the neces-

sity of adequate field testing before large
commitments are made to one container type.

LITERATURE CITED

Hodder, R.L., and B.W. Sindelar.
1972. Tubelings - a new dryland planting

technique for roadside stabilization and
beautification. Mont. Agr. Exp. Sta. Res.
Rep. No. 18. 19 pp.

Kudrjavev, F.
1965. Planting Douglas-fir seedlings in
plastic tubes. USDA Forest Serv. Tree
Planters' Notes. 70:1-3.

McClurkin, D.C.
1971. Containerized pines for eroded water-
sheds. Jour. Soil and Water Cons. 26(1):
25-26.

Miller, E.L., and G. Schneider.
1971. Container-grown jack pine establish-
ment on modified sites in lower Michigan.
Mich. State Univ. Agr. Exp. Sta. Res. Rep.
137. 6 pp.

Owston, P.W.
1972. Field performance of containerized

seedlings in the western United States.
Proceedings of Permanent Association Com-
mittees. Western Forestry and Cons. Assn.
1972:109-111.

Skau, C.M., R.O. Meeuwig, and T.W. Townsed.
1970. Ecology of eastside Sierra chaparral.

Univ. Nev. Agr. Exp. Sta. Res. Rep. R71.
14 pp.

Steel, R.G.D., and J.H. Torrie.
1960. Principles and procedures of statis-

tics. McGraw-Hill Book Co., Inc. New
York. 481 pp.

Schubert, G.H., and R.S. Adams.
1971. Reforestation practices for conifers

in California. Calif. Div. of Forestry.
Sacramento, Calif. 359 pp.

Wollum, A.G., B.A. Buchanan, R.D. Rogers,
S.E. Williams, and R.K.E. Meisner.
1973. Containerized seedlings for the South-
west. N. Mex. State Univ. Agr. Exp. Sta.
Res. Rep. 269. 8 pp.


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7

