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ABSTRACT 

Data are presented on jack pine (Pinus banksmna Lamb.) sur 
vival and height performance after three and five growing seasons, on 
the condition of seedlings, and on the percentage of seedlings in 
he free-to-groW class five years after outplanting. Stock types used 
were barefoot, the split plastic "Ontario tube", and the Japanese 
paperpot Rftn-year results indicate good survival of all types except 
summer Planted bare-root stock. After five growing seasons, spring-
ZtS bare-root stock was significantly taller than all other stock 
Cing-Planted container stock was taller than its summer-panted 
counterparts, but not always significantly so. In a1 su« Planted 
stock tvpes height growth was reduced as a result of late planting. All 
sP?ing and summer-planted stock, except late-planted bare-root, was 

roughly equivalent in vigor. 

RESUME 

L'auteur presente les resultats obtenus quant a la survie et la 
hauteur du pin gris (Pinus banksiana Lamb.) apres trois et cinq 
saisons de croissance, quant a l'etat des semis et quant au Percentage 
de semis dans la classe des semis liberes ("free-to-grow") cinq ans 
apres la transplantation. Le materiel employe etait a racines nues, en 

tubes fendus en plastique "Ontario" ou en pots Japonais en papier. Les 
resultats apres cinq ans indiquent une bonne survie pour tous les types 
de semis sauf pour eeux qui ont ete' plantes a racines nues en ete. 
Apres cinq saisons de croissance les semis a racines nues plantes au 
printemps sont significativement plus grands que tous les autres. Le 
mate'riel en recipient plante' au printemps est plus haut que le materiel 
similaire plante en ete, mais pas toujours de fagon significative. Chez 
tous les types de semis plante's en e'te, la plantation tardive a redmt 
l'accroissement en hauteur. La vigueur de tout le materiel plante au 
printemps et en e'te est a peu pres equivalente, sauf pour les semis a 

racines nues plante's tardivement. 
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INTRODUCTION 

Jack pine (Pinus banksiana Lamb.) is an important crop tree 

for the forest industry in Ontario, accounting for approximately 36% of 
the 1980 provincial softwood harvest (Anon. 1981). Successful artificial 
regeneration of this species, by seeding or planting, depends largely 
on the condition of the seedbed, with the optimum condition being 

exposed mineral soil on a site that is relatively free from competing 
weed species (Cayford et al. 1967). Seeding, in general, remains the 
principal means of jack pine regeneration in Ontario, with planting of 
either containerized or bare-root seedlings an important supplement. 
In 1981, approximately 28 000 ha were operationally seeded to jack pine 
(Anon.'l981), while planting of containerized and bare-root seedlings 
accounted for 4 600 and 6 800 ha, respectively.^ 

The split plastic "Ontario tube" was the first container in which 

tree seedlings were grown operationally. Operational planting of tube-
lings (Ontario tubes) began in 1966 and peak production was reached in 
1969 (MacKinnon 1970). For several reasons, including inadequate con 

tainer size, root deformation problems, and lack of confidence in the 

overall system, tubelings were phased out in Ontario in the _ early 
1970s. The Japanese paperpot was introduced as a replacement in the 
mid-1970s and is now (1983) the principal container used in northern 

Ontario (Scarratt 1982). 

The percentage of containerized seedlings planted in Ontario is 

increasing. It is estimated that by 1985, container production in the 
province will reach 60 million seedlings, accounting for 70% of total 

nursery stock production. It is expected that approximately 60% of 
total container stock production will be devoted to jack pine. 

During 1978, plantings of operational-grade jack pine 

(bare-root, Ontario tubes and paperpots) were established by C.R. 
Mattice3 on a well drained, coarse-textured sandy site near Kirkland 

Lake, Ontario. The objectives of these plantings were to compare the 
growth of container and bare-root stock and to assess the outplanted 

performance of summer-planted container stock. 

ISmyth, J.H. and Brownwright, A.J. 1982. Forestry statistics Ontario 
1982. Dep. Environ., Can. For. Serv. , Sault Ste. Marie, 

Ont., 136 p. (unpubl.). 

2Chaudhry, M.f Silvicultural Information Assessment and Devel 

opment Specialist, Ont. Min. Nat. Resour., For. Resour. 
Group, Toronto, Ont. (personal communication, 1983). 

3Formerly Forestry Officer, Great Lakes Forest Research Centre, Dep. 

Environ., Sault Ste. Marie, Ont. 
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i'or Kirkiand Lake, Ontario (Anon. 1978). 
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boreaks [Ait. J Ref.), big leaf aster (Aster macrophyllus L.) and vari 
ous mosses. Shrubs such as blueberry (Vaccinium spp.) honey 
suckle (Lomcera spp.), and beaked hazel (Corylus cornuta Marsh ) 
were common. There was also a patchy hardwood overstory of trem-

bhng aspen (Populus tremuloides Michx.) and pin cherry ("Primus 
pensylvanwa L. ) which, along with the beaked hazel, provided the most 
competition for the crop trees. On the basis of a 1982 ocular estimate 
these three species covered 35-45% of the total plot area. In 1982, 34% 
of the planted seedlings were overtopped by one or more of these 
species. 

METHODS 

Three stock types (two container types and one bare-root) were 
used in this experiment, and there were two planting dates (2 June and 
1!) July) for each type. A total of six plantings (Table 1) were estab 
lished. The two planting dates were selected to determine if time of 
planting affected survival, height growth or seedling condition. Each 
treatment was replicated four times for a total of 24 rows of about 35 
seedlings each. Thus, about 840 trees were planted in all. 

The 408 paperpot stock was grown at the Great Lakes Forest 
Research Centre, Sault Ste. Marie, Ontario and the tubelings and bare-
root stock were grown at the Swastika Forest Station, Swastika 
Ontario. 

The spring-planted container stock was started in the 
greenhouse in May 1977 and was overwintered outdoors under a snow 
cover. The summer-planted stock was current-year stock started in 
the greenhouse in February, 1978. Spring-planted 2+0 bare-root seed 
lings were lifted and placed in cold storage (4°C) at the nursery 
several days before shipping. The summer bare-root stock was lifted 
from the nursery bed during its second growing season and was there 
fore termed 'rising' 2+0 stock. After lifting, the seedlings were placed 
in cold storage and the following day were shipped to the planting site. 

Planters were instructed to plant within, but close to the 
shoulder of, plowed furrows where nutrients removed during scarifica 
tion would be more available to the seedlings. 

At the time of planting, samples of 25-30 seedlings were 
selected from each planting and the following morphological features 
were measured: shoot height, root collar diameter, root area index4, 

shoot and root oven-dry weights, and shoot:root ratio based on oven-
dry weight (Table 1). Appendix A provides size class standards and 
culling limits for jack pine bare-root and container shipping stock. At 

4After Morrison and Armson (1968). 



Table 1- Morphological characteristics of planting stock 

Planting date/ 

stock type 

Number of 

seedlings Root-collar Root^area 

in sample Shoot height diameter index 

(n) (cm) (mm) (cm) 

Total 

oven-dry 

weight 

Shoot: 

root 

ratio 

Spring {22 June) 

408 paperpota 

(77-2) 

H in. (1.9 cm) "Ontario tube" 

2+0 bare-root 

Summer (19 July) 

4U8 paperpota 

(78-1) 

I in. (1*9 cm) "Ontario" tube 

2+0 bare-root 

25 

30 

25 

16.6a 

C± 4.0) 

8.2b 

( + 1.4) 

15.7a 

(+ 3.9) 

2.1c 

(+ 0.4) 

t.5d 

(± 0.1) 

(+ 1.2) 

9.1b 

(+ 3.3) 

5.6b 

(+ 1.4) 

44.2a 

(+ 21.4) 

(+ 0.2) 

0.2c 

(+ O.D 

4.Ba 

( + 2.4) 

3.41a 

( + 1.5) 

1.96cd 

(+ 0.8) 

aFaperpot crop number- (77-2) sown 27 May 1977. 

- (78-1) sown 15 February 1978. 

bTotal oven-dry weight of summer tubelin^s obtained from nursery shipping records; individual seedling weights 

not available and therefore not included in range test. 

Different letters indicate a significant difference within columns at the 95% Level. 

Figures within parentheses are standard deviations. 
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outplanting, the spring- and summer-planted 408 paperpots were gener 

ally heavier in total oven-dry weight and larger in root-collar diameter 

than recommended. The spring-planted bare-root stock had a large 

root-area index, but was otherwise morphologically well balanced. In 

contrast, the summer-planted 'rising' bare-root stock had an extremely 

low root-area index, only one-fourth the culling limit for 2+0 grade jack 

pine. It was also below the culling limit for root-collar diameter. No 

morphological standards were available for the tubelings. 

Vegetative competition surrounding each planted seedling was 

assessed in 1982 by making an ocular estimate of the free-to-grow^ sta 
tus of the seedling. Seedling condition was assessed in the same year, 

with four condition classes being used: vigorous, healthy, mediocre 

and moribund. Seedlings in the vigorous or healthy condition classes 

had lush green foliage and only minor form defects. Seedlings in the 

mediocre or moribund condition classes had little or no height growth 

and suffered from serious form defects (Scarratt 1974). The classifi 

cation of seedling condition and competition was largely subjective and 

its value therefore limited to an indication of gross trends. Summer-

planted 2+0 bare-root stock is omitted from the comparison of competi 

tion and primary condition because of the low number of seedlings sur 
viving after five years. 

Alorphological data and third- and fifth-year survival and height 

data were subjected to analysis of variance and Tukey's Mean Test 
CSteele and Torrie 1960). 

RESULTS AND DISCUSSION 

Percentage survival after five growing seasons was high for all 

planting-date/stock-type combinations except summer-planted rising 2+0 

bare-root stock which had a survival rate of only 9.6% (Table 2). 

These high fifth-year survival rates were at least partially attributable 

to a wetter-than-normal first growing season (Fig. 2). The rate of mor 

tality decreased in the majority of plantings after the third growing 

season. The poor survival performance of the summer-planted 2+0 

rising bare-root was in large part the result of an inadequate root sys 

tem at time of outplanting. 

By the end of the fifth growing season the spring-planted 2+0 

bare-root seedlings were significantly taller at 189.6 cm than the 

5For a seedling to be classed as free-to-grow its leader must be well 
above the surrounding brush and not likely to become threatened at 

any time in the foreseeable future. (Walstad, J.D. and Wagner, R.C. 

1982. Crafts experimental design manual for b-Ievel studies: release 
of young conifer stands from uniformly distributed brush competition. 

Dep. For. Sci., Sch. For. , Oregon State Univ., Corvallis, 39 p. 
unpubl. ). 
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Table 2. Percentage survival 3 and 5 years after planting (1978-1982). 

Number of 

Planting date/ seedlings Percentage survival 

stock type planted After 3 years After 5 years 

Spring 

408 paperpot3 140 

(77-2) 

I in. (1.9 cm) "Ontario tube" 141 

2+0 bare-root 137 

Summer 

408 paperpota 138 

(78-1) 

£ in. (1.9 cm) "Ontario tube" 140 

2+0 bare-root 138 

aPaperpot crop number- (77-2) sown 27 May 1977. 

- (78-1) sown 15 February 1978. 

Different letters indicate a significant difference within columns at the 

9 5% level. 

Figures within parentheses are standard deviations. 



Table 3. Total height and height increment (cm) of seedlings 3 and 5 years after planting 
(1078-1982). 

Planting date/ 

stock type 

Number of 

seedling's 

planted 

After 3 years 

Current 

annual 

Total height 

height increment 

After 5 years 

Current 

annual 

Total height 

height increment 

Spring 

408 paperpota 

(77-2) 

1 in. (1.9 cm) "Ontario tube" 

2+0 bare-root 

Summer 

408 paperpota 

(78-1) 

i in. (1.9 em) "Ontario tube" 

2+0 bare-root 

140 

141 

137 

138 

140 

138 

I 

CO 

aPaperpot crop number- (77-2) sown 27 May 1977. 

- (78-1) sown 15 February 1978. 

Different letters indicate a significant difference within columns at the 95% level. 

Figures within parentheses are standard deviations. 
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spring-planted paperpot and tu holing stock at 145.2 and 121.7 cm, 

respectively (Table 3). In terms of current annual height increment, 

the larger bare-root stock had a total height growth advantage over the 

two containerized stock types. 

Scarratt (1982) stated that the benefits of containorization are 

reflected in a higher initial growth rate than that of bare-root stock, 

and that the leveling off of that growth rate signals an end to this 

growth advantage. If the spring-planted containerized stock in this 

experiment did exhibit an early height growth advantage over bare-root 

stock, this advantage had clearly ended by the third growing season. 

Third-year spring results showed that the initially larger bare-root 

stock was growing significantly faster in height than either the paper-

pot or tubeling stock types (Table 3). It appears that all spring-

planted stock types began height growth soon after outplanting and 

after the third growing season this growth was positively correlated 

with the initial size of planting stock. The paperpot stock was growing 

faster than the tubeling stock, though not significantly so. 

In the summer-planted treatments after three growing seasons, 

the 'rising' 2+0 bare-root had the lowest total height (23.8 cm), being 

surpassed by the initially smaller paperpot (50.3 cm) and tubeling stock 

(2i) .H cm) (Table 3). The poor height growth performance of the 

summer-planted bare-root was due in large part to the lack of an ade 

quate root system at time of outplanting. The summer-planted paperpot 

stock was significantly taller and growing faster in height than the 

tubeling stock after three growing seasons. 

After five growing seasons the summer-planted paperpots were 

taller than either the tubeling or 'rising' bare-root stock (Table 3). 

The summer-planted tubeling stock was taller than the 'rising' bare-root 

stock, though not significantly so. There were no significant differ 

ences in current height increment among summer-planted treatments. 

Although the late planting of containerized pine produced satis 

factory survival results, height growth performance after outplanting 

appears to have been adversely affected. This slower height growth 

will be critical on sites with a potential for heavy vegetative competi 

tion. On these sites it is important to have seedlings initiate growth 

immediately and achieve substantial height increment during the first 

season after outplanting in order to take advantage of the short compe 

tition-free period subsequent to scarification. 

The forest manager wishing to extend the planting season by 

planting jack pine containerized seedlings must be willing to take 

greater care of the stock during the warmer summer months than he 

would have to during the cooler spring months. This includes regular 

waterings and providing shade while the stock is being held at the 

planting site. If shade is not available, the frequency of watering must 

be increased. Sutton (19B3) has found that weather at time of out-
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planting and for several weeks thereafter is a major factor in bare-root 

outplant performance. Even though containerized seedlings have the 

advantage of an encapsulated root system, the forest practitioner should 

consider suspending operations during periods of hot, dry weather 

rather than risking poor survival and growth. 

In comparing bare-root and container stock types it is not suf 

ficient to consider only survival and growth results. The crop trees 

should be healthy, have good form and be free to grow at the end of 

the regeneration period11 in order to maximize future development. 

The spring-planted paperpot and 2+0 bare-root plantings had 

the highest percentage of seedlings in vigorous and healthy condition 

classes (Table 4). The summer-planted containerized stock types had a 

lower percentage of seedlings in the better condition classes. However, 

no dramatic treatment differences were evident, and this indicates that 

all stock types were of roughly equivalent vigor. 

The term free-to-yrow is often used as a criterion of seedling 

growth potential. Factors controlling the percentage of seedlings in 

this class are crop seedling vigor, effectiveness of site preparation 

treatments, and site productivity. Before developing a silvicultural 

prescription the forest manager must consider the potential vegetation 

control problems and prescribe the type of post-cutting treatment and 

the method of regeneration that will maximize the number of crop 

trees. The spring-planted stock types generally had a higher percent 

age of seedlings in the free-to-grow class (Table 4), and were faster 

growing. 

This experimental site had only a moderate amount of 

competition and the disparity between the percentage of free-to-grow 

seedlings in the spring and summer plantings was not large. However, 

on a site with heavy vegetative competition the planting of faster-

growing spring stock will be necessary to ensure plantation success. 

CONCLUSIONS AND RECOMMENDATIONS 

1. Because 'rising' jack pine stock is generally of poor quality it is not 

recommended for summer planting. 

2. In the spring-planted treatments total height and current annual 

height increment were positively correlated with initial mass of 

seedlings at outplanting. Therefore, if the height of spring-

planted containerized seedlings is to equal that of bare-root seed 

lings five years after planting, a larger grade of container stock 

should be planted. 

oTh6 time required, or decided upon, for the renewal of a stand by 

natural or artificial regeneration (Ford-Robertson 1971). 
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In terms of outplant survival and height growth, the grade of 

spring- and summer-planted paperpot stock used in this trial was 

adequate. 

Summer planting of jack pine container stock seems to be a feasible 

regeneration option on this site type. However, the forest manager 

must be able to provide the extra care the planting stock requires 

while it is being held for outplanting. 

Table 4. Percentage of seedlings in the vigorous and healthy condition classes 
(1+2) and free-to-growa status five years after planting (1982). 

Planting date/ 

stock type 

Spring 

408 paperpot0 

(77-2) 

I in. (1.9 cm) "Ontario tube" 

2+0 bare-root 

Summer 

408 paperpot13 
(78-1) 

2 in. (1-9 cm) "Ontario tube" 

2+0 bare-root 

(rising) 

a Free-to-grow status based on living and dead seedlings. In the case of a dead 
seedling the average height was assumed from living seedings in the same plant 

ing row and the free-to-grow status was assessed. 

b Paperpot crop number- (77-2) sown 27 May 1977. 
- (78-1) sown 15 February 1978. 
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APPENDIX A. 

1, 2+0 BARE-ROOT 

A. Shipping stock 

Parameter 

CULLING LIMITS FOR JACK PINE BARE-ROOT AND 

CONTAINER SHIPPING STOCK 

Size Class 

Small Medium 

mean range mean range 

Large 

mean range 

Total oven-dry weight Cg) 2.0 

Root collar diameter (mm) 3.0 

Root area index (cm^) 23 

Shoot height (cm) 14 

Shoot:root ratio (ODW) 3.0 

B. Cull stock 

Parameter 

Total oven-dry weight (g) 

Root collar diameter (mm) 

Root area index 

Shoot height (cm) 

1.1-2.9 

2.8-3.2 

20-26 

13-15 

2.0-4.0 

4.0 

3.6 

30 

18 

3.0 

Culling limit 

2.9 and less 

3.5 and less 

25 and less 

14 and less 

3.0-5.0 

3.3-3.9 

27-33 

16-20 

2.0-4.0 

6.0 

4.2 

37 

22 

3.0 

Source: Reese and Sadreika (1979). 

2. CONTAINER STOCK 

A. Acceptable container stock (408 paperpots) 

Parameter 

Shoot height (cm) 10-20 

Root collar diameter (mm) 1- 2 

Total oven-dry weight (g) .4 - .6 

Source: Anon. 1982. Forest management manual for crown lands. 

Resour., New Brunswick, 176 p. (unpubl.) 

5.1 + 

4.0+ 

34+ 

21 + 

2.0-4.0 

Dep. Nat. 
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