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Status of Containerized Forest Seedl ,ing
Research in ,M·innesota
A.A.ALM*
ABSTRACT - The paper describes a series of containerized seedling studies in Minnesota. Descriptions of the tubef'ing, styroblock plug, book planter plug and Japanese paper pot systems are
provided. Survival results of field plantings with the various systems under a range of conditions
are given.

The concept of growing forest tree seedlings in containers
for outplanting is not necessarily new. There is literature
dating to early 1900 and perhaps before that on the subject.
However, techniques and developments associated with
modern-day containerization of forest stock have practically
all been developed within the past decade.
Basically , containerized forest seedlings of today consist
of small trees grown from seed placed in a soil-filled container. The most commonly used soil media is peat or peat
mixed with vermiculite. The loaded containers usually are
placed in a controlled environment such as a greenhouse for
gennination and initial growth . After a relatively short
growing period, ranging from four to twelve months , and a
conditioning or hardening-off period, the container with
growing tree is pl anted in the field. Container material is
paper or plastic .
The new era of containerization began about I 960 with
the development of the plastic bullet (Walters, I 961) in
British Columbia and the tubed seedling concept in Ontario
(McLean , 1959).
The plastic bullet consists of a rigid styrene container
molded in several sizes ranging from 2.5 to 5.5 inches (6 .3 to
14 .0 cm.) in length with a top inside diameter of 0.75 inch
( 1.9 cm.). The bullet -shaped container is grooved along one
side with a narrow slit which weakens it and eases disintegration after planting. The bullet seedling is planted with a
special type of planting gun which permits planting from an
upright position.
Tubed seedlings, often referred to as tubelings, are grown
in small. open-ended styrene tubes which are 0.56 inch
(1.4 cm.) in diameter and 3 inches (7.6 cm .) in length. The
tube is slit along one side for root egress. The loaded tubes
are placed in plastic trays, each tray holding 200 potential
trees. Tubelings are usually planted with a planting dibble
which punches a small hole in the soil.
Tube Iings were selected to be tested in a series of field
trials initiated in 1967 at the Cloquet Forestry Center of the
University of Minnesota 's College of Forestry . These field
trial studies and results are described in this paper.
1

1967 Study (Alm and Schantz-Hansen; 1972)
One of the original objectives in development of tubelings and other container systems was to extend the normal
planting season into the summer months. This is especially
important in northern Minnesota , where most planting must
be done during a short period in late spring . In 1967 a study
was designed to explore the feasibi lity of summer planting of
tubelings. Jack pine (Pinus banksiana) and red pine (Pinus
resinusa) were planted on five dates - June I, July I,
*A. A . ALM is an Associate professor in the University of
Minnesota College of Forestry, Cloquet Forestry Center.
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TABLE 1 _Survival Percent After Seven Growing
Seasons for 1967 Tubelings.
Planting Date

Location of Planting
Site 1

Site 2

Site 3

Site 4

---------Jack Pine----------

June 1
July 1
Aug. 1
Sept. 1
Sept. 25

66 a
66 a
58 a
42 a
42 a

52 a
58 a
46 a
24 b
6c

92 a
90 a
82 a
26 b
24'b

64 a
63 a
52 b
6c
0

x All dates
x June-Aug.
xSept.

55
63
42

37
52
15

63
88
25

37
60
3

June 1
July 1
Aug. 1
Sept . 1
Sept. 25

54
27
25
22
30

x All dates

31
35
26

xJune-Aug.

xSept.

a
b
b
b
b

----------Red Pine---------18 a
88 a
74 b
16 a
9b
68 b
26 C
0
0
5d

g
14
0

52
76
16

23 a
30 a
12 b
9b
0
15
21
4

Site description:
1. No site preparation. Sparse sod cover, scattered overhead birch (Betula papyrifera) canopy, hazel (Corylus
sp .) and grasses are primary vegetative competition .
2 . Burning in spring before planting, densely revegetated.
3. Burned three years and one year before planting.
Least vegetative competition of the four sites.
4. Plantings made between windrows of logging slash .
Soil disturbance extensive , rapidly reinvaded with
herbaceous competition.
Values within a column and within a species followed by
the same letter do not differ significantly at the .05 level.

August I , September I, and September 25 - at five locations in northeastern Minnesota. All locations had pinetype soils but varied in degree of vegetative competition.
Survival resuJts supported the premise of planting during
at least a portion of the growing season (Table I). Survival of the June and July plantings of both species was
moderately high on all but the most densely-vegetated sites.
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Jack pine had better survival than red pine because of its
more rapid juvenile growth. Survival was highest on Site 3,
which had the least vegetative competition.
1968 Study (Alm, 1974)

The 1967 study showed that 48 percent of all known
mortality resulted from vegetative "smother" caused by
leaves and dead vegetation falling on the tubelings at the
end of the growing season. In 1968 a study was initiated
to further explore feasibility of planting during the growing
season and to evaluate the effect on vegetative removal
treatments.
Twenty-five red pine tubelings were planted on June 4,
July 2, August I, and September 1; and 25 jack pine tubelings on August I and September l on four replicated
vegetative removal treatment plots. The treatments were:
A. Check plot - no vegetative disturbance, average shrub
density at time of planting about 85,000 stems pe.r
acre of hazel (Corylus cornuta), serviceberry (Amelanchier spp.) and cherry (Prunus pensylvanica; P.
virginiana).
B. Shrubs removed - all shrub stems clipped at ground
line .
C. All vegetation removed - all vegetation clipped at
ground line.

Vegetative Treatment
A

B

C

D

Mineral soil exposed - all vegetation clipped, and the
plot raked to remove ground litter and duff layer.
Survival for both species varied directly with the amount
of vegetative competition removed (Table 2). Unlike the results from the 1967 study, there was no significant difference
in survival between planting dates .
1970 Study (Alm, 1972)

The 1970 study was designed to evaluate different site
preparation treatments for tube plantings. Twenty-five jack
and red pine tubelings were planted on June 20, July 20, and
August 20 on replicated plots prepared by burning, spraying,
discing, and scarifying. All treatments were done about two
months prior to planting except the spraying, which had been
done the previous growing season. The herbicide mixture
used in spraying was a 50-50 mixture of 2, 4-D and 2, 4-5T
at the rate of 2 lbs./acre. Discing was done with an Athens
disc and the scarifying with an SFI (Swedish Forest Institute)
twin scarifier which makes a scalp about 2 by 3 feet ( 61 x
91 cm.) by 6 inches deep ( 15.2 cm.).
Also, as a part of this study, a separate area which had
been full-tree logged and prepared with the SF! scarifier was
planted to jack pine tubelings and 2-0 jack pine nursery
stock. A 200-tree sample of each was staked for comparison
purposes.

TABLE 3 . Survival Percent After Five Growing
Seasons for 1970 Tubelings.

TABLE 2 . Survival Percent After Six Growing
Seasons for 1968 Tubelings.
Planting Date

D.

Planting Date
Mean

Burn

--------------Red Pine-------------June 4
July 2
Aug. 1
Sept. 1

6
10
17
7

19
24
21
30

30
31
35
27

59
75
76
60

10 a

24 b

31 b

66

a
a
a
a

June 20
July 20
Aug. 20

Mean

15
11

52
51

60
47

80
86

13 a

52 b

54 b

83

Disc

Scarify

Mean

18
18
37

28
20
28

26
31
39

24 a

25 a

32 a

N.A.

30 a
32 a
40 a

C

-------------.Jack Pine--------------

-----------~ack Pine--------------Aug. 1
Sept. 1

Spray

--------------Red Pine------------28
35
37
31

Mean
Mean

Site Preparation Treatment

52 a
49 a

June 20
July 20
Aug. 20

64
31
49

74
62
26

62
40
9

83
67
43

78 a
54 b
36 C

48 a

54 ab

37 a

64 b

C

Mean

Vegetative Treatment:
A
Check
B
Shrub stems removed
C
All vegetation removed
D = Mineral soi l exposed
1

June 5
May7-11

Jack pine tubeling plantings
2-0 Jack pine stock

77
73

Means followed by the same letter within a column or row
do not differ at the .05 level.

Means within a row or column followed by the same letter
do not differ at the .05 level.
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Results shown in Table 3 indicated little difference in survival between the burn, spray and disc treatments. Jack pine
survival on the scarified areas was good and compared favorable with the 2-0 nursery stock that was planted. The scarification treatment was effective in setting back vegetative
competition until the tubelings became established. Much of
the relatively low survival for these plantings was attributed
to abnormally low precipitation during the 1970 growing
season ( driest since I 934).
1971, Study (Alm, 1974)

All of the previous plantings had been made with tubelings that were from IO to I 2 weeks old. Based on the results, it was evident that the cultural period should be extended beyond 12 weeks for seedlings to compete successfully under field conditions, even with adequate site preparation. This was especially true of species with slow juvenile
growth such as red pine.
The 1971 study was established to test red pine tubelings
grown over periods of two months, four months, and one

TABLE 4. Survival of Book Plugs, Styroplugs and Paper
Pots Planted in Minnesota in 1973 and 1974.

Type of
Container

Area

Book plugs
Book plugs

2

Species

Number
Planted

%
Survival

6/7/73
6/26/73

J. Pine
J. Pine

200
200

78
52

6/7 /73
6/26/73
7 /26/73
8/17 /73

R. Pine
R. Pine
R. Pine

78

,R. Pine

200
200
200
200

89
90

Date of
Planting

72

Book plugs

3

6/26/73
7/26/73
8/17 /73
8/28/73

W. Spruce
W. Spruce
W. Spruce
W. Spruce

200
200
200
200

57
82
80
70

Book plugs
Styroplugs

4

6/12/73
6/13/73

J. Pine
J. Pine

675
675

84
98

Book plugs

5

7 /27 /73

J. Pine

200

87

Paper pots

6

7 /3/74
8/5/74
9/4/74
7 /10/74
8/5/74
9/4/74

J. Pine
J. Pine
J. Pine
R. Pine
R. Pine
R. Pine

500
400
100
450
400
200

65
96
84
78
96
99

Area descriptions:

1. Clear cut jack pine stand in 1970, dense vegetative
competition at planting.
2. Clear cut mixed aspen and red pine stand in 11972,
minimum of vegetation at planting.
3. Conversion area, hardwoods to spruce, unmerchantable
trees and slash windrowed, minimum vegetation.
4. Clear cut strips in jack pine stand in 1973, minimum
vegetation.
5. Clear cut jack pine stand in 1969, scarified before planting, no vegetative competition.
6. Clear cut jack pine stand in 1972, barrel fin scarification, minimum vegetation.
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year (over-wintered). A total of 120 tubelings of each age
class was planted in June on clearcut strips in a 90 to 100
year-old red pine stand. The SO foot wide (IS m.) strips were
oriented in both north-south and east-west direction.
Survival results after four growing seasons indicated that
irrespective of strip orientation, the one-year-old and fourmonth-old tubelings had significantly (p=0.05) higher survival than the two-month-old tubelings. Also, there was no significant different (p=0.05) in survival between the one-year
and four-month-old tubelings. Mean survival percentages
respectively for the two-month, four-month and one-year-old
tubelings were 44, 69, and 78.
1973 and 1974 Studies

Several new containerization concepts were introduced
about 1970. These were designed to provide greater rooting
volume and to eliminate the rigid plastic-type container used
in the tubeling and bullet systems.
Two of the new systems are containeriess or soil-plug concepts. In one of these, the BC/CFS (British Columbia/Canadian Fore st Service) system, trees are grown in bullet-shaped
cavities in a styrofoam block 20 x 14 inches by 4.5 inches
deep (SI by 36 by 11.4 cm.). The styrofoam blocks are filled
with soil, seeded and cultured in much the same manner as
tube lings. At time of plan ting, the "styroplug" is removed
from the cavity (each block has 192 cavities) and placed in
the planting hole (Vyse, A.H., et al., 1971).
The other containerless concept is referred to as the "book
planter" or Spencer-Lemaire system. The trees are grown in
rectangularly-shaped cavities in hinged plastic books which
fit into a holding tray. At time of planting, the books are unfolded and the seedling plug extracted. One of the common
size books provides a cavity I by 0 .75 inch at the top by 4
inches deep (2.5 by 1.9 by I 0.2 cm.). The holding tray contains 17 books, each with six cavities of the above size
(Spencer, 1972).
A third system recently in traduced is the paper pot concept developed in Finland. This system offers a compromise
between the rigid plastic containers and the soil-plug seedlings. Paper pots come in sets consisting of a flat package
which opens in accordian fashion. When opened, the set is
stretched on a frame and placed in a box or tray, where it is
loaded with soil and seeded. The individual pots vary in size,
a common size being about five inches long (I 2. 7 cm .) and
one inch (2.5 cm.) in diameter. The pots are held together in
the set with water-soluble glue. The glue dissolves during the
greenhouse culturing period and at time of planting each individual pot can be separated. The paper has a life of about
six months and breaks down shortly after being planted in
the field (Scarratt, 1973).
In 1973 and 1974 a number of small-scale plantings were
made in Minnesota with styroplugs, book plugs and paper
pots. Results are given in Table 4. Survival percentages are
reasonably high; but it should be noted that the oldest plantings cover only two growing seasons, which is not long
enough for a good test.
In Canada, S<.:andanavia, portions of the Southern United
States and in the Pacifi<.: Northwest, containerized seedlings
are being used operationally in large quantities. Their use in
Minnesota has been more limited. With the advantages and
potential that the concept has to offer, however, it seems to
be but a matter of time until they will be playing an important role in Minnesota's reforestation programs. The advantages of extension of planting season, flexibility in planning
and meeting short notice demands, and ease and convenience

The Minnesota Academy of Science

of production are too great to ignore. The research program
described in this paper will provide some of the answers when
agencies establish field operational programs.
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Comparison of Artificial Substrates
in Bottom Fauna Studies on a Large River
DAVID R. McCONVILLE*
ABSTRACT - During the summer of 1974, five types of artificial substrates and grab sampling were
evaluated for sampling efficiency in pool No. 3 of the Upper Mississippi River. A total of 35 taxa of
organisms were collected by the different techniques. Ponar grab sampling collected representatives
of only eight taxa, whereas concrete block samplers collected 22 taxa . Intermediate in taxonomic
collection were the Hester-Dendy samplers with 21 taxa, the barbecue basket samplers with 20 taxa,
the Miller samplers with 17 taxa, and conservation webbing with 12 taxa. The barbecue basket
samplers were the most productive, yielding at least five times as many organisms as any other
sampling method. Combinations of artificial substrates which complement each other are suggested
to maximize collection results.

Obtaining valid quantitative data on benthic organisms,
particularly from the lotic environment, has been a problem
of concern for many years .
Bottom samplers fall in lo two main categories: those
which sample the natural substrate of the river, and those
which provide an artificial substrate which the bottom invertebrates may colonize. Traditional sampling methods
include the Ekman, Petersen, and Ponar grabs, dredges,
corers, and semi-open samplers of known area. The difficulty
in stream studies is that these methods are non-operative on
a rubble-boulder substrate or in deep, swift water, conditions
characterisitic of many large rivers. Thus , artificial substrates
are becoming more popular in lotic environments where it
is difficult or impossible to use the traditional methods
(Hynes, 1970).
This study was conducted to examine the effectiveness of
various macroinvertebrate sampling methods in a large river.
The techniques were divided into two groups. The first
included Ponar grab sampling, concrete blocks (Britt, 1955),
and Miller samplers (Hoar and Miller, 1972), all of which
were designed to be placed on the bottom of the river en-

• David R. Mcconville is an assistant professor in the
Biology department at St. Mary's College, Winona, Minn .
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vironment. The second group was designed to be placed in
the water column and included Hester-Dendy samplers
(Hester and Dendy, 1962), barbecue baskets (Mason, et al,
1970), and conservation webbing manufactured by Minnesota
Mining and Manufacturing (3M).
Sampling at two locations
The study area was approximately one mile upstream
from Lock and Dam No. 3 on the Mississippi River near
Red Wing, Minnesota, in the discharge area of a large nuclear
power plant. One sampling location was approximately 30
meters directly outside the power plant discharge canal. The
second sampling location was approximately 450 meters
downstream from the first in a side channel chute of the
river. Water depth at both sampling locations was in excess
of three (3) meters . The first location was generally a calm
water area due to a sheltering effect from the power plant
discharge canal. The second location was typicalfy subjected
to swift current of the natural river flow (Fig. I).
At both locations four (4) styrofoam buoys were separately anchored with :;oncrete blocks. Two buoys each
suspended two Hester-Dendy samplers, one Miller sampler,
and one section of conservation webbing. The other two
buoys each marked the presence of one barbecue basket
sampler and one concrete block sampler. Grab samples also
were taken at both locations during each of the two sam piing
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