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Abstract.--Jack pine (Pinus banksiana Lamb.) and black
spruce (Picea mariana [Mill.] B.S.P.) planting stock were
graded and their growth was monitored during the first few
years after planting. Bare-root (2-0) jack pine has shown
faster height development and biomass accretion than paperpot
jack pine on similar sites, but paperpot black spruce was
superior to bare-root (3-0 and 2-0) black spruce.

INTRODUCTION

During the 1977 and 1978 planting
seasons samples of different planting stock
types were obtained at the planting site or
as the stock was shipped from the provincial
forest nursery at Kingsclear, New Brunswick
for field planting. The samples included
bare-root and containerized (2-0) jack pine
(Pinus banksiana Lamb.) and bare-root and
containerized (2-0 and 3-0) black spruce
(Picea mariana [Mill.] B.S.P.) seedlings.
Containers were FH 408 Japanese paperpots.
The planting stock was evaluated according to
morphological criteria and status of mineral
nutrition.

The planted seedlings were sampled and
subjected to similar measurements in the
spring of 1978, 1979 and 1981 in an attempt
to determine the effects of type and quality
of planting stock on early plantation growth.
Although the observations have shown striking
differences in rates and patterns of early
growth, the results do not lend themselves to
rigorous mathematical analysis since the
study was a survey rather than a controlled
experiment.

METHODS

Selection of Planting Stock Samples

In 1977, with the assistance of person-
nel from the New Brunswick Department of
Natural Resources (DNR), principal planting
areas in the province were selected and
stock in the process of being planted was
sampled. The samples were taken without un-
due delay to the Forest Soils Laboratory of
the University of New Brunswick. In 1978,
samples were obtained directly from the pro-
vincial nursery at Kingsclear, as the stock
was being prepared for shipment to known
planting sites.

Each sample contained a minimum of 32
plants. Shoot lengths and root collar diame-
ters were measured and total and component
dry weights were determined. On the basis of
mean shoot:root and height:root collar
ratios, and seedling dry weight, a quality
index (Dickson et al. 1960) was calculated.
Each batch of planting stock was then rated
according to provisional standards defined on
the basis of published information (Scarratt
and Reese 1976, Roller 1977, Armson and
Sadreika 1979) and experience gained in the
province (Table 1).



The needles of seedlings were analyzed
to determine macro-nutrient contents. Plant-
ing stock types used and stock evaluation re-
sults are summarized in Table 2. The jack
pine paperpot stock was small to intermediate
in size, and identified as grades 1 and 2.
Bare-root jack pine was of a low grade in
1977, but a top grade was produced in 1978.
Poor morphological balance was the reason for
the low rating in 1977.

The quality of black spruce stock was
extremely variable. A morphologically im-
balanced, low-grade bare-root stock was pro-
duced in both years. In contrast, top and
intermediate grade paperpot stock was shipped
to the field in 1977 and 1978, respectively.

Sampling of Plantations

The plantations (Table 3) were sampled
as early as possible in the spring of each
growing season except 1980. Eight of the
numerous plots established earlier by DNR to
determine survival were randomly chosen for
sampling in each plantation. In the periph-
eral zone of each plot, four trees were ran-
domly selected, 32 trees from each planta-
t ion.

Growth Measurements

The trees were taken to the laboratory
for determination of height, root collar
diameter and component dry weights.

Height and biomass data for the average
tree from plantations of different ages were
extrapolated to a common age by use of poly-
nomial equations with the following general
form:

y = a + bx + cx2

where "y" is either the height or total bio-
mass of the tree and "x" the number of com-
pleted growing seasons since planting; the
intercept "a" gives the height or biomass of
the tree at time of planting, and the coeffi-
cients "b" and "c" are reflections of site
and type of planting stock.

Intercepts and coefficients for all but
the bare-root black spruce plantations are
given in Table 4. The listed standard errors
indicate a moderately high accuracy for esti-
mates of height in most plantations, but
estimates of tree biomass were less reliable.





RESULTS

Jack Pine Bare-root Stock

The growth of 2-0 stock was monitored
after outplanting at five different locations
(Tables 2 and 3). Mean tree heights (meas-
ured or estimated annually) (Fig. 1) showed
strongly divergent patterns of growth with
the expected mean height at age 5 years dif-
fering by more than 100%. The difference in
plantation performance is revealed more
dramatically when biomass production is ex-
amined (Fig. 2). The estimated 5-year bio-
mass gives plantation 1 a more than sevenfold
lead over plantation 2.

Grade of planting stock may have
affected survival, but there are no indica-
tions that it has contributed significantly
to variation in early plantation growth.
Site and method of site preparation appear to
be of greater importance.

Plantation 1, which has performed best,
was established on well drained sandy loam
prepared for planting by a disc trencher.
After one year, 89% of the planted trees had
survived. Sparse growth of elderberry (Sam-
bucus sp.), blueberry (Vaccinium angusti-
folium Ait.) and raspberry (Rebus idaeus L.)
offered little competition to the planted
trees. Foliar nitrogen was high after three
growing seasons in the field (Table 5), and
this indicates moderately high soil fertili-
ty.



Plantation 2, close to stagnation since
the time of planting, was established on well
to rapidly drained soil varying in texture
from loamy sand to sandy loam. The site sup-
ported jack pine previously and was inten-
sively burned by a wildfire, after which a
dense ericaceous ground vegetation devel-
oped. Planting stock was morphologically
similar to that used in plantation 1, but ap-
parently had suffered while kept in storage
for delayed planting in June. The use of the
impaired plants may explain their high rate
of mortality. Only 71% of the planted trees
survived the first winter and 67% the second
winter. The condition of the plants may also
have contributed to their poor growth over
the first two years, but is not believed to
be responsible for continued unsatisfactory
performance. More likely, this is the result
of low native fertility of the soil, aggra-
vated by the burn and severe competition from
the ericaceous vegetation. The tree foliage
sampled in the fall of 1979 contained only
1.51% nitrogen as compared with 1.91% in
plantation 1.

Plantation 3, which grew at an inter-
mediate rate (Fig. 1 and 2), was established
in the first half of June with plants ex-
hibiting morphological conditions similar to
those used at the other two sites. Soil con-
ditions were generally comparable with those
of plantation 2, but the area had not been

burnt. This may have helped to conserve the
small nutrient reservoirs of this sandy site.
The results of foliar analysis (Table 5) in-
dicate noticeably better nitrogen nutrition
than in trees of plantation 2.

The 1978 plantations showed rapid height
development and intermediate rates of biomass
accretion. They were established on moder-
ately well drained to well drained medium-
textured soils of intermediate fertility.
Groundcover plants including bracken fern
(Pteridium aquilinum L.), blueberry, lambkill
(Kalmia  angustifolia L.) and grasses offered
light to moderate competition. The 1978
planting stock had received a more favorable
rating than the 1977 stock (Table 2). The
difference in stock quality is a possible
reason for the strong first-year growth ob-
served in 1978 but not in 1977. However,
differences in weather, site preparation, and
planting time prevent a direct comparison of
1977 and 1978 stock.

Jack Pine Paperpot Stock

At the time of this study the Kingsclear
nursery was growing two crops of jack pine
paperpot seedlings per year. The first crop
was usually sown in late spring, retained in
the greenhouses or nursery until midsummer
and outplanted before the end of the summer.



The second crop was sown in early summer or
midsummer, shipped to the field for late sum-
mer planting or retained over winter in the
nursery and planted in the spring or early
summer of the following year.

Spring-sown, summer-planted 

Three plantations, established with
grades 1 and 2 stock (Table 2), were moni-
tored.

The plants showed little height growth
during the year of planting, but large rela-
tive increases in needle, stem, branch, and
particularly root biomass. The high shoot:
root ratio of the plants as they left the
nursery had decreased to approximately 1.0
before the second growing season had begun.

The plants approximately doubled their
heights and increased their dry weights by a
factor of two or greater in the second year
(Fig. 3a and 4). Despite these growth rates,
height development and biomass accretion were
considerably retarded in paperpot plantations
in comparison with bare-root plantations.
Mean tree heights, extrapolated to year 5,
approached 1.0 m in the best paperpot planta-
tion whereas three of the five bare-root
plantations have projected 5-year heights in
excess of 1.5 m under similar soil conditions
(Fig. 1 and 3a). A similar relationship is
revealed when plantations 3 (bare-root) and 6
or 7 (paperpot), all established on sandy
soil with ericaceous growth, are compared.
However, two of the paperpot plantations are
expected to surpass in height the slowly de-
veloping bare-root plantation on the burned
site and the best performing paperpot planta-
tion (8) may equal in annual height growth
the thrifty bare-root plantation 1 by the
fifth year (Table 4).

Paperpot and bare-root plantations show
even greater differences when biomass accre-
tions are compared (Fig. 2 and 4). The mean
tree biomass at five years is expected to
vary between 57 and 133 g in paperpot planta-
tions and between 100 and 757 g in bare-root
plantations.

Although the somewhat variable quality
of paperpot stock used in the above planta-
tions may have influenced rates of survival,
it is doubtful that the observed differences
in growth are related to the condition of
seedlings at the time of planting. Site,
particularly soil and competing vegetation,
and method of site preparation, are believed
to be dominant factors as previously dis-
cussed for bare-root plantations.

The most rapidly growing paperpot plan-
tation (8) had been established on a moder-
ately fertile sandy loam after minimal site
preparation by a tree crusher. In contrast,
plantations 6 and 7 were located on coarser
soil (loamy sand) with a heavy ericaceous
vegetation. In one case (plantation 6),
trees had been planted in infertile sand ex-
posed by deep trenching. Lack of nutrients
may explain the slow start of this planta-
tion, although by the fourth year seedling
roots had developed well into the ridges of
organic matter turned up by the trencher, im-
proving thereby the nutrient supply to the
trees.

Plantation 7 was established after site
preparation with sharkfin barrels which pre-
sumably created microsites richer in nutri-
ents than those created by trenching. How-
ever, the plants in this plantation which
were growing well initially fell behind those



Figure 3. Height development of jack pine plantations established with paperpot stock A) sown in
spring and planted in summer, B) sown in midsummer and planted in late summer, or C)
sown and planted in the year following overwintering in the nursery. (Dots and open
circles represent measured and calculated mean heights, respectively.)

Figure 4. Biomass accretion in jack pine plantations established with paperpot stock sown in
spring and planted in summer. (Solid and open bars represent measured and calculated
mean biomass, respectively.)



of plantation 6, possibly because of in-
creasing competition from the ericaceous
growth.

Summer-sown, late summer-planted 

Two plantations (9 and 10) were estab-
lished with very small planting stock (Table
2) in mid-September.

Survival after the first winter was
noticeably lower than in the plantations es-
tablished during the same year with spring-
sown stock (Table 3). The surviving plants
showed some gain in biomass and shoot elonga-
tion between the time of planting and
sampling the following spring. In contrast
with summer-planted stock, which showed a
strong root development during the first few
months in the field, the late-planted seed-
lings exhibited some shoot development but
little gain in roots.

In the second year, mean seedling dry
weight was increased by factors of 6.7
(plantation 9) and 3.5 (plantation 10). This
amounted to only minor absolute gains since
the original weight of seedlings was very
small. However, with continued high relative
growth rates, plantation 9 may display, by
the fifth year, a mean tree height and bio-

mass comparable with what is expected in
summer planted stock (Fig. 3, 4 and 5a).

Several factors are believed to be re-
sponsible for the slow development of planta-
tion 10. It could be a consequence of very
late planting, but the effects of improperly
chosen microsites appear more likely to be
responsible. Many of the trees had been
planted in holes created by the Bracke culti-
vator rather than on prepared mounds. At the
time of sampling in spring, the holes were
usually filled with water. This problem did
not exist in plantation 9 which had been es-
tablished after site preparation with shark-
fin barrels.

Overwintered, spring- or summer-planted 

Two plantations were monitored, one that
had been established towards the end of May,
1977 (11) and another established in mid-
July, 1978 (12).

The two plantations showed similar pat-
terns of height development, but differed
dramatically with respect to biomass ac-
cretion. Among the possible causes of this
difference, variability of planting stock and
time of planting are probably the least im-
portant.



Plantation 11 was located on a sandy
plain previously supporting jack pine. The
area was burned and site-prepared with a
Bräcke cultivator. The small plants (Table
2) suffered high mortality, but those that
had survived exhibited an approximately six-
fold increase in mean dry weight and a three-
fold increase in height during the first
growing season. This rapid rate of growth,
presumably supported by a short-term improve-
ment in nutrient supply after the fire, was
not maintained through the following years.

The overwintered seedlings planted in
1978 were of a higher morphological grade
than those used in the previous spring, but
showed very little growth in the first two
years (Fig. 3a and 5b). Most of the seed-
lings had been planted in infertile sandy
soil exposed by a Finnish plow. Low nutrient
availability in the rooting medium combined
with a very low nitrogen content in the seed-
lings at the time of planting (Table 5) were
probably reasons for the poor growth. Addi-
tional factors appear to have been shading
and competition by volunteer hardwoods and
larger jack pine of an unsuccessful earlier
planting. Under these conditions, early
planting of overwintered stock has not re-
sulted in a more rapid development than was
found in plantations established with the
same type of stock in late summer or early
fall.

Black Spruce Bare-root Stock

Three-year-old seedling stock used in
the 1977 fall planting and the 1978 spring
planting, as well as 2-0 seedlings planted in
1978, were evaluated.

The bare-root stock had received a low
rating at time of planting (Table 2). Plant-
ation survival was very low and the three
areas have since been replanted with differ-
ent stock. The surviving plants exhibited
very little growth in the first year. Obser-
vations were discontinued thereafter.

Black Spruce Paperpot Stock

Four batches of paperpot stock were
sampled, two in 1977 and two in 1978. The
1977 samples had received a top rating where-
as those produced in 1978 were of intermedi-
ate grade (Table 2). This stock showed
moderately high rates of survival (Table 3).

The plantations varied considerably in
growth (Fig. 6 and 7), apparently because of
differences in soil fertility and competing
vegetation. Plantation 13, characterized by

its sluggish height development, was estab-
lished on an ericaceous site with predomi-
nantly coarse textured soil. Lack of fertil-
ity is suggested by the low foliar nitrogen
content (Table 5).

Plantations 14, 15 and 16 were estab-
lished on moderately rich sites with a vigor-
ous competing vegetation dominated by rasp-
berry. Plantation 14 showed little biomass
accretion in the first year when rapidly
overtopped by raspberry, but seems to have
responded well to a herbicide spray in the
second year. Plantation 16 has shown the
fastest height development, but trails plan-
tation 14 in biomass accretion. Rapid height
growth with a less than normal gain in bio-
mass may be a typical response to shading by
faster growing, competing plants.

Black spruce paperpot plantations cover
height and biomass ranges similar to those of
paperpot jack pine plantations (Fig. 3, 4, 6,
and 7).

There are no indications that the ob-
served differences in grade of paperpot
planting stock (Table 2) have had or will
have a noticeable influence on the 5-year
growth of black spruce plantations.

DISCUSSION

Height development in bare-root jack
pine plantations followed patterns estab-
lished by Hamilton (1979) with a larger
number of plantations. That study also indi-
cated that jack pine growth in New Brunswick
plantations was comparable with, if not
superior to, growth in parts of the Great
Lakes region (Wilde et al. 1964).

Several studies with other species in
various parts of North America have suggested
faster juvenile growth in plantations estab-
lished with containerized stock than in those
established with bare-root stock (Aycock
1974, Mann 1977, Stein and Owston 1977). The
jack pine paperpot plantations of this study
have lagged one to two years behind bare-root
plantations. A considerable time lag in the
development of jack pine plantations from
containerized stock was also evident in one
of the early comparisons in Ontario (Scarratt
1974).

Black spruce paperpot stock was judged
superior to bare-root stock because of the
high mortality in the latter. Because of the
heavy losses, it has not been possible to
compare the different types of planting stock
of this species with respect to early
growth. When the results of a previous sur-



Figure 7. Biomass accretion in black spruce plantations established with paperpot stock. (Solid
and open bars represent measured and calculated mean biomass, respectively.)



vey of black spruce plantations established
in the province with 2-2 stock2 are compared
it becomes apparent that the development of
black spruce paperpot plantations exhibits a
time lag similar to that of jack pine paper-
pot plantations. For example, the expected
height of 109 cm at age five years in the
best growing paperpot plantation (Fig. 6) was
reached by the average bare-root transplant
plantation three years after planting, and
the slowest growing paperpot plantation would
just have surpassed the size of 2-2 planting
stock in the fourth year after planting. The
lag in paperpot stock plantations would be
especially noticeable on sites with heavy
shrub competition which require herbicide
treatments earlier and more often than plant-
ations established with large stock.

With the results of the present study,
it would not be unreasonable to expect that
the average paperpot plantation may require
an additional one to two years in the rota-
tion to produce a yield comparable with that
of the average bare-root plantation. How-
ever, the advantage of a shortened juvenile
period in bare-root plantations must be
weighed against the advantages of the paper-
pot planting system, including extended
planting season, reduced planting cost and
improved survival. The problem of root de-
formation, which appears to be more severe in
trees from bare-root than from container-
grown stock, should also be mentioned.
Scarratt (1974) and Scarratt and Reese (1976)
have made a case for an integrated system of
planting stock production and field planting
in which containerized stock supplements con-
ventional bare-root stock or vice versa.

While the use of different types of
planting stock (bare-root vs. containerized)
has had an obvious effect on the early growth
of jack pine plantations, the influence of
grade, as defined in Table 1, was not dis-
cernible. For example, bare-root plantations
4 and 5 were established with grades 1 and 2
stock, yet they exhibited comparable patterns
of height development. Paperpot plantations
6 and 7 were established with stock that had
received a much higher rating than stock used
in plantation 9, but the cumulative height of
the latter was equal to or greater than that
of the former despite the fact that the seed-
lings were planted late in the season. Plan-
tation 12 has been trailing plantation 11
(Fig. 3c and 5b) because of very slow growth
in the former in the first two years. Stock
used for plantation 12 was of a higher mor-
phological grade than that of plantation 11,
but was low in nitrogen at the time of
planting.

The lack of a clear effect of morpho-
logical grade on the early growth of planta-
tions used in this study is no justification
for relaxing standards of planting stock
quality. It has been shown repeatedly that
rate of survival, the overriding criterion in
judging early plantation performance, is re-
lated to those features of the plant that de-
termine its morphological grade (Dobbs 1976,
van den Driesche 1980, Mullin and Christie
1981).

Scarratt (1974) has shown that late
season planting of tubed seedlings of several
conifer species resulted in considerably re-
duced growth. In the present study, the time
of planting of paperpot stock had no clear
effect. Plantations 11 and 12, having been
established early in the season, were ex-
pected to be the most advanced in growth.
Instead, the late-summer planted stock of
plantations 8 and 9 has shown faster height
development than the early planted stock of
plantations 11 and 12. However, it should be
recalled that jack pine paperpot stock
planted late in the season (September) had
shown little root growth before the onset of
winter. The lack of sufficient new roots to
anchor the plant firmly in the ground is usu-
ally the reason for frost heaving and re-
duction in survival.

Observations from this study indicate a
strong effect of site and microsite on early
plantation development. Most prominent among
site factors are type and vigor of competing
vegetation and soil fertility. Typically
unsuitable microsites were infertile soil and
depressions exposed or created by implements
used in site preparation. The high incidence
of poor growth of planted trees on adverse
site or microsite conditions underlines the
importance of accurate matching of species
and site, and proper choice of site
preparation method.

SUMMARY AND CONCLUSIONS

1. Jack pine bare-root plantations have
shown highly variable growth, with pro-
jected mean tree heights ranging from
0.65 to 1.70 m at the age of five years.

2. Jack pine paperpot plantations exhibited
a time lag of one to two years over
bareroot plantations on similar sites.

3. Black spruce bare-root seedlings suffered
excessive mortality and showed very
little growth after planting.



4. In comparison with bare-root seedlings,
black spruce paperpot seedlings were
highly successful; height development and
biomass accretion followed patterns simi-
lar to those observed with jack pine
paperpot plantations.

5. The results of this study have not shown
a clear effect of morphological grade of
planting stock or time of planting on the
early growth of paperpot plantations.

6. Dominant factors determining the rate of
growth of seedlings that have survived
the first winter in the field appear to
be site and microsite.
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