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ABSTRACT 

Results are reported from a comparative planting trial with black spruce 

(Picea nuriana [Mill.] B.S.P.) and white spruce (P. glauca [ttoench] Voss) PH308 

Japanese paperpot and 3+0 bare-root stock, established in 1974 on a moderately 

fertile mixedwood cutover in north central Ontario. The trial was part of a 

larger, semi-operational planting within which 2400 trees, in 16 random plots, 

were identified for periodic measurement• In both species, spring-planted 

paperpot stock had lower mortality than either spring- or summer-planted bare-

root stock or summer-planted paperpot stock. In black spruce, higher initial 

growth rates enabled paperpot seedlings to attain the same size as bare-root 

seedlings three to five years after outplanting. Planting season had no signif 

icant effect on the growth of black spruce paperpots, but spring-pianted bare-

root stock was superior to summer-planted bare-root stock. In white spruce, 

bare-root stock generally maintained its superiority over paperpot stock; in 

neither stock type did planting date have a significant effect on tree size. 

For both species, the benefits of containerization, in terms of higher growth 

rates, had largely disappeared within three years of outplanting. Relative 

growth rate was found to be a useful adjunct to absolute growth values in 

interpreting biological response but, as the sole basis for evaluating planta 

tion performance, it can be difficult to interpret. 

RESUME 

Ce rapport fait etat des resultats obtenus dans une plantation compara 

tive etablie en 1974 a l'aide de plants d'epinettes noires (Picea mriana 

[Mill.] B.S.P.) et d'epinettes blanches (P. glauca [Moench] Voss) en recipients 

(pots en papier du Japon FH308) et a racines nues 3+0 dans un parterre de coupe 

rase moderement fertile du centre-nord de I1Ontario precedemment occupe par des 

peuplements mixtes. Cette plantation experimentale faisait partie d'un vaste 

plan semi-operationnel en vertu duquel 2 400 arbres, repartis dans 16 parcelles 

aleatoires, avaient ete designes pour etre mesures periodiquement. Quelle que 

soit l'essence, les plants en recipients mis en terre au printemps avaient un 

taux de mortalite plus faible que le materiel a racines nues plante au printemps 

ou a l'ete ou que les semis en recipients mis en place a l'ete. L'epinette 

noire ayant un taux de croissance initial plus eleve, les semis en recipients de 

cette essence ont pu atteindre la meme taille que les plants a racines nues, de 

3 a 5 ans apres leur transplantation. L'epoque de plantation n'avait aucun 

effet significatif sur le developpement des plants d'epinettes noires en 

recipients, mais le materiel a racines nues mis en place au printemps a donne de 

meilleurs resultats que celui mis en terre a l'ete. Les plants d'epinettes 

blanches a racines nues ont, dans 1'ensemble, continue de progresser plus rapi-

dement que les semis en recipients; l'epcque de plantation n'a eu aucun effet 

significatif sur la grosseur de l'arbre, quel que soit le type de materiel mis 

en terre. Les avantages de la raise en terre de plants en recipients, qui ont 

une croissance plus rapide, s'estompent en grande partie moins de 3 ans apres la 

transplantation. Les autres ont decouvert que le taux de croissance relatif, 

associe aux donnees sur la croissance absolue, facilitait 1'interpretation de la 

reaction biologigue, mais qu'a lui seul il pouvait difficilement servix a 

evaluer la performance d'une plantation. 
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INTRODUCTION 

A few years before the Cntario Ministry of Natural Resources (OMNR) 

adopted the Japanese paperpot system in its container planting program, the 

Canadian Ebrestry Service (CFS) initiated a series of planting trials with this 

container. The first of these trials, comparing the performance of FH308 paper-

pots and 3+0 hare-root stock, was established in 1974 near Thunder Bay, 

Cntario. Black spruce (Picea mariana [Mill.] B.S.P.) and white spruce 

(P. glauca [Moench] Voss) were planted in late May and late Jiily on a recent 

cutover underlain by loess deposits. This report documents the first nine 

years' performance in this planting trial (1974-1982). 

l*ist of the published work comparing field performance of containerized 

and bare-root planting stock has used absolute size or incremental growth as the 

principal criterion for comparing productivity (cf. Tinus et al. 1974, Scarratt 

1982). However, because of the initial size advantage of bare-root stock in 

relation to container stock, seme foresters have questioned the validity of com 

parisons based on these parameters. In response to this criticism, Vyse (1982) 

advocated the use of relative growth rate (RGR) as a measure of performance that 

would avoid such direct comparisons and would quantify tree performance on the 

basis of the relationship between initial and final plant size. 

The concept of RGR was first proposed by Blackman (1919) in Britain for 

use in agricultural research, and is analogous to the rate of interest earned on 

a savings account (Hunt 1978). If plant size is equated with money accumulated 

in an account over a period of time, it will be seen that, as the period of 

growth (investment period) increases, the influence of RGR (interest rate) on 

final plant size (money accumulated) increases and the influence of initial 

plant size (money deposited) decreases. Final plant size, therefore, depends 

upon initial size, RGR, and the time over which it grows (Blackman 1919). Hunt 

(1978) offers the opinion that RGR provides a more informative comparison of 

relative performance than absolute size at the end of a specific period of 

time. However, the growing conditions on a forest cutover are generally harsher 

than those on agricultural sites. Consequently, the forest manager needs to be 
concerned with both RGR and absolute growth rate when considering a regeneration 

treatment. forest outplants not only must grow fast in relation to their 

initial size but must also be vigorous enough, in absolute terms, to overcome 
weed competition within a reasonably short period after planting. 

In this report both absolute size and RGR are used to compare growth 

performance of paperpot and bare-root outplants over nine growing seasons. 

METHODS 

Layout of Experiment 

Semi-operational plantings of black spruce and white spruce 

stock were carried out in the tog River ffenagement mit, northwest of^unSr 
Bay, Ontario in the spring and sumer of 1974. The plantings were performed by 
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operational tree-planting crews. At time of planting 16 assessment plots were 

established at random throughout the planted areas, eight each in the black 

spruce and white spruce areas. Within species, four assessment plots were 

established in areas planted from 27 to 31 May inclusive, and a further four 

plots were established in areas planted on 24 and 25 July. Each plot consisted 

of two subplots, one containing the regular paperpot stock, the other planted 

with bare-root stock. Subplots comprised 12 rows of 25 trees each, of which the 

center portion (five rows by 15 trees) was reserved for periodic measurement and 

evaluation. 

Site 

The experimental area, about 160 km northwest of Thunder Bay (48 °N, 

89°W), is within the Upper English River Section (B.11) of the Boreal Forest 

Region (Rowe 1972) and the Savanne Site District of Lake Nipigon Site Region 3W 

(Hills 1959). It is situated in the Height of Land Climatic Region (Chapman and 

Thomas 1968). The average length of growing season is 162 days (mean daily 

temperature above 5-6°C), the mean date of the last spring frost is 15 June and 

the mean date of the first autumn frost is 2 September. Mean annual precipita 

tion is 76.2 cm, half of which is received between 1 May and 30 September. 

The surficial geology of the area comprises loess deposits over a 

fluvial outwash plain. A fine sand capping gives the area a gently rolling top 

ography with slopes of up to 5%. The rapidly draining soils correspond to a 

moderately fresh to fresh moisture regime (Anon. 1985). Organic horizons are 

about 8 cm thick and tree rooting is evident to a depth of about 90 cm. 

Prior to harvesting, the forest cover consisted of at least 75% small-

diameter jack pine (Pinus banksiana Lamb.) in association with trembling aspen 

(Populus tremuloides Michx.) and white birch (Betula papyrifera Marsh.). The 

area was clear cut in 1971-1972 with chainsaws and wheeled skidders. It was 

scarified with sharkfin barrels, tractor pads, and spiked anchor chains in the 

summer of 1973. This exposed mineral soil in shallow furrows approximately 2 m 

apart. 

The planting site remained fairly open for the first growing season, but 

subsequent regrowth of vegetation was quite rapid. In 1979 planted trees were 

manually released from competing vegetation, principally trembling aspen, 

although naturally regenerated jack pine was not removed at this time. By 1982, 

eight years after planting, jack pine, trembling aspen, and pin cherry (Prunus 

pensylvanica L. f.) had again become abundant throughout the experimental areas 

and were competing strongly with many planted trees (Fig. 1). Shrubs, includ 

ing wild red raspberry (Rubus idaeus Michx.), alder (Alnus spp.), and rose 

(Rosa spp.), were also abundant. Herbaceous plants, including grasses, were 
common in more open areas. 
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Figure 1• Hardwood competition on experimental area after nine growing seasons. 

Planting Stock 

Container stock (FH308 Japanese paperpots) was grown at the Great Lakes 

Forestry Centre (GLFC) in Sault Ste. Marie, Ontario (47°N, 84°W). May-planted 

stock was started in the greenhouse in Hay 1973 and was moved outside later that 

same summer to overwinter under a snow cover. The July-planted trees were 

started in the greenhouse in late January 1974 and were moved outside in late 

May. 

Bare-root seedling stock (3+0) was provided by .the Thunder Bay Ebrest 

Station (OMNR) (48°N, 89°W). Hay-planted stock was fall lifted and overwintered 

in frozen storage, while July-planted stock was spring lifted and placed in cool 

storage for a short period prior to shipping. The July-planted bare-root stock 

was lifted before it had completed its final growing season in the seedbed and 

therefore may be termed 'rising 3+0' stock. 

Random samples of planting stock (minimun 50 trees) were taken on each 

planting date for morphological characterization. Shoot and root dry weight (72 

hr @ 70°C), root-collar diameter, and shoot lengths are summarized in Table 1. 



Table 1. Morphological characteristics of paperpot and bare-root stock at time of planting, 

Species/stock type 

Time of 

planting 

Black spruce 

paperpot 

bare-root 

paperpot 

bare-root 

White spruce 

paperpot 

bare-root 

paperpot 

bare-root 

0.5 

3-9 

0.2 

3.2 

0.5 

6.5 

0.4 

5. 1 

5.4 

1-5 

9.5 

3.0 

3.6 

3.0 

6.5 

3.6 

a based on laboratory measurement of random sample taken at time of planting 
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ASSESSMENT AND MEASUREMENT 

Survival and Absolute Growth Parameters 

Each tree was assessed for survival status and morphological condition 

1, 2, 3, 5, and 9 years after planting. The condition classes were vigorous, 

healthy, mediocre, and moribund (Scarratt 1974). Total height was measured at 

time of planting and, together with current annual height increment, after 2, 3, 

5, and 9 growing seasons. At the final assessment (1982, after nine growing 

seasons) only two replicates per treatment were measured. 

Shoot biomass was determined at the end of the first, second, third, 

fourth and ninth growing seasons after planting. Fandomly selected shoot 

samples, from 19 to 41 trees per treatment, were taken from the nonreserved rows 

within each subplot. Sample trees were sheared at the root collar and returned 

to the laboratory for dry weight determination (seven days at 70°C for final 

sample). 

For the 1982 sample only, inside-bark stem volumes were determined by 

stem analysis prior to oven drying, for each of the nine years. Trees were 

measured for total height (root collar to base of terminal bud) and then were 

sectioned into 0.5-m lengths. An Addo-X ring measuring device was used to 

measure annual growth. Volumes were calculated according to Smalian and right-

circular cone volune formulae. 

Relative Growth Rate (RGR) 

Mean RGRs for height and stem volume, based on individual trees, and for 

shoot biomass, based on plot means, were calculated according to the formula for 

mean RGR given by Hunt (1978): 

R(T2-Ti) = 

T2-T1 

in which R is mean relative growth rate and W2 and W1 represent plant size at 

time 1 (T-|) and time 2 (T2), respectively. RGR is expressed as the increase in 

plant material per unit of plant material per unit of time (i.e., relative 

increase in size per unit of time). 

Data Analysis 

Unplanned tests for goodness of fit (ff-statistic) were used to analyze 

mortality data (Sokal and K>hlf 1981). Growth data (excluding RGR) were com 

pared by one-^ay 1W0VA, and significant differences were identified by means of 

Tukey's multiple comparison test (Steel and Tbrrie 1960). 
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RESULTS AND DISCUSSION 

Survival and Condition 

After nine growing seasons, spring (i.e., May)-planted paperpots of both 

species had significantly lower mortality than spring-planted bare-root and 

summer {i.e., July)-planted paperpots (Fig. 2). In black spruce, spring-planted 

bare-root and summer-pianted paperpots both had more than 40% mortality. Mor 

tality also exceeded 40% in the spring planting of white spruce bare-root 

stock. These results are in general agreement with the findings of related 

studies in boreal Ontario, discussed by Wood and Dominy (1985). However, paper-

pot black spruce had higher mortality than bare-root stock in the summer plant 

ing, whereas the opposite was usually the case in previous studies. It is evi 

dent from Figure 2 that this discrepancy originated with an especially high 

first-year mortality in the summer-planted paperpot stock. Reasons for this 

higher mortality are not hard to deduce, ttot only were these seedlings rather 

small for their age (Table 1) but also their susceptibility to moisture stress 

would have been exacerbated by their high shcot:root ratio. Mortality rates 

after the first growing season were not out of line with those observed in other 

treatments. A second area of deviation involved white spruce paperpot stock. 

Previous results of white spruce plantings in boreal Ontario showed that mor 

tality of spring-planted bare-root stock is usually equivalent to or lower than 

that of paperpot stock (Wood and Dominy 1985). However, in this trial, spring-

planted paperpots had the lowest mortality of any treatment. 

In neither species was there a consistent relationship between seedling 

morphological condition after planting and planting treatment. Seedling condi 

tion varied greatly both within and between treatments at the end of the first 

growing season, but the amount of variability decreased as the study pro 

gressed. At the same time, the overall condition of surviving seedlings tended 

to improve. Hence, the percentage of healthy black spruce seedlings in the 

various treatments ranged from 12% to 50% in 1974 whereas, by 1982, the range 

was 85% to 87% (i.e., improved condition and less variability). White spruce 

showed a comparable response. We have noted similar trends in other outplant-

ings of black spruce and white spruce in northern Ontario. It is evident that 

the condition of outplants does not remain static after planting and that, as a 

plantation ages, the average condition of survivors tends to improve. At the 

same time, differences due to stock type, etc., tend to diminish. 

Height Growth 

Black spruce: At time of planting, the black spruce bare-root stock was 

substantially taller than the younger paperpot stock. 

However, mean RGR (shoot height) for the period 1974 to 1978 was higher in the 

paperpots (Table 2), and this enabled the heights of paperpot seedlings to equal 

or surpass those of bare-root trees within five years of planting. Thus, by 

1978 paperpot seedlings had outgrown bare-root stock in the July-planted plots 
although their height did not differ significantly from that of bare-root 
seedlings {73 cm versus 83 cm) in the May plantings (Fig. 3). 
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BLACK SPRUCE WHITE SPRUCE 

82 D 

74 

PP=paperpoT. BR=Dare-rool 

Fcr convenience, [reattneils aro icIorMiiind by (ho loiters A, B. C, D. ot the t 

Figure 2. Progression of seedling mortality (%) over nine growing seasons. 

(Within years and species, treatments with the same letters do not 

differ significantly at P = 0-05.) 

Mean RGBs of paperpot and bare-root trees were similar, within each 

planting date, over the subsequent four-year period (1979-1982) (Table 2). As a 

result, July-planted paperpots were able to maintain their superiority right up 

to the 1932 assessment. In the May planting, however, the small difference in 

height (i.e., 73 cm versus 83 cm) was amplified to the point at which, by 1982, 

the bare-root trees were again significantly taller than the paperpot stock. 

This serves to illustrate the fact that, in plants with the same RGR, small dif 

ferences in initial plant size may become progressively larger with time (Sweet 

and Wareing 1966). 



Table 2. Mean RGR for height (cm cm"1 yr"1). 

Period 

Black spruce White spruce 

May-planted July-planted May-planted July-planted 

PP BR PP BR PP BR PP BR 

1974-1978 

1979-1982 

0.36 0.30 

0.19 0.18 

0.31 0.20 

0.20 0,19 

0.36 0.24 0.35 0.20 

0.18 0.17 0.21 0.22 

PP - paperpot, BR = bare-root 

BLACK SPRUCE WHITE SPRUCE 

82 D '82 

A 74 

FP=papqrpot, BFUbaie-rocl 

For convenience, (reatmerMs aro idaniilied by tfco lotjers A, S. CF D. On [he Iigures 

Figure 3. Progression of mean total height (cm) over nine growing seasons. 
(Within years and species, treatments with the same letters do not 
differ significantly at p = 0.05). 
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Different responses to planting date were observed within stock types. 

In paperpots, RGRs for Hay- and July-planted seedlings were quite similar over 

the nine-year study period and, since initial heights were also similar, trees 

were still of equivalent height in 1982 (Fig. 3). In contrast, the RGR of May-

planted bare-root stock was slightly higher, during the period 1974 to 1978, 

than that of the same stock type planted in July. In consequence, trees from 

the spring planting were significantly (52%) taller than their summer-planted 

counterparts from 1975 to 1982. 

In terms of absolute growth (i.e., height increment) black spruce paper-

pots grew significantly faster than the corresponding bare-root stock in the 

second growing season (Fig, 4, 1975 assessment). By the third growing season, 

however, height increments were the same for all stock types, a feature that 

persisted into the ninth season. Although the difference was generally not sig 

nificant, height increment was consistently lowest in the 'rising 3+0' stock 

(i.e., July-planted bare-root) during this period (Fig. 4). 

BLACK SPRUCE WHITE SPRUCE 

-10 

82 

'% 

82 

Sfc ̂  

Fo; convenience, uealmenis are identiiied by (he letters Ar D. C. D. on Ihe figures 

Figure 4. Progression of mean current annual height increment (cm) over nine 

growing seasons. (Within years and species, treatments with the same 

letters do not differ significantly at P = 0.05). 
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White spruce: Although mean shoot RGR was higher for paperpot than for 

bare-root trees during the 1974-1978 period in both May 

and July plantings (Table 2), the net response differed for the two plantings. 

In the Hay planting a higher RGR was insufficient to allow the paperpot seed 

lings to make up for the initial difference in shoot height, and the bare-root 

trees remained significantly taller throughout the nine-year study period (Fig. 

3). In contrast, the July-planted paperpots achieved the same total height as 

the bare-root trees by the third growing season, and remained equivalent in 

height up to the final assessment. Because mean RGR for the 1979-1982 period 

was similar within planting dates {Table 2), relative height differences between 

stock types remained fairly constant during this final period, even though the 

absolute differences increased (Table 3). 

Table 3. White spruce: differences between paperpot and bare-root seedling 

shoot heights. 

paperpot seedling height as a percentage of bare-root seedling height 

Within stock types, trees from both plantings were equivalent in height 

and absolute growth rate {height increment) five and nine years after planting, 

despite higher RGR values in the summer-planted trees during the period 1979-

1982 (Table 2). This illustrates the importance of examining absolute as well 

as relative growth rates before attributing response differences to treatments. 

Biomass 

Black spruce: The May-planted bare-root trees remained significantly 

heavier than the paperpot trees for the first four years 

after planting (Table 4). This is consistent with our observation that, al 

though containerized seedlings may quickly achieve the same height as bare-root 

stock, they generally remain distinguishable by their more slender form and less 



Table 4- Progression of shoot (foliage + stem) biomass over nine growing seasons (g)a. 

a within years and species, means followed by the same letters do not differ significantly at 

p - 0.05. 
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bushy habit (Fig. 5). By the ninth growing season, however, it was difficult to 

distinguish between spring-planted stock types, and differences in shoot biomass 

were no longer significant. July-planted paperpots, in contrast, despite their 

small size at time of planting, achieved the same shoot biomass as bare-root 

stock after only two growing seasons (Table 4, 1975). By 1982, they were sig 

nificantly heavier than the bare-root trees, although this is probably more a 

reflection of the unsatisfactory nature of summer-planted 'rising 3+0' bare-root 

stock than of exceptional performance by the paperpot stock. 

Figure 5. Black spruce paperpot (left) and bare-root (right) trees, three years 

after outplanting, illustrating differences in shoot form. 

Initially (1975), the paperpot stock had a substantially higher mean HGR 

than the bare-root trees (Table 5), many of which exhibited typical early check 

symptoms (Sutton and Tinus 1983). The magnitude of the difference in early 



- 13 -

growth rates attests, perhaps, to the benefits of ball-planting in avoiding 

post-planting growth check. After 1975, however, paperpot RGRs declined 

rapidly, for both May- and July-planted seedlings, despite a temporary surge of 

growth in 1977. This decline in paperpot RGRs indicates that the advantages of 

containerization, in terms of better growth, lasted for no irore than two or 

three years after planting. 

Table 5. Mean RGR for shoot biomass {g g"1 yr 1). 

PP = paperpot, BR = bare-root 

Over all, mean paperpot RGRs for the period 1974-1977 were about double 

those of their bare-root counterparts; this led to a substantial reduction in 

bare-root :paperpot shoot biomass ratios over the course of the study in both 

early and late plantings (Table 6). From 1978 to 1982 mean RGRs were somewhat 

siinilar within planting dates, although paperpot RGRs still maintained a slight 

advantage (Table 5). 

In comparing spring- and summer-planted paperpots it is necessary to 

bear in mind the differences in size and physiological condition of the seed 

lings at time of planting. May-planted paperpots had a slightly higher RGR than 

their July-planted counterparts in 1975 and 1976. It is not surprising, then, 

that these May-planted seedlings, whose dry weight was roughly double that of 

July-planted seedlings when outplanted (Table 1), had significantly more shoot 

biomass in 1976 and 1977. Hawever, the May-planted paperpots had the lowest 

mean RGR in 1977 and during the period 1978-1982 (Table 5). As a result, by 

1982, after nine growing seasons, differences in shoot biomass were no longer 
significant. This is a good example of how, over an extended period, a small 
superiority in RGR can cancel out the benefits of an initial size advantage 
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Table 6. Bare-root:paperpot shoot biomass ratios. 

Year 

Time of 

Species planting 1974 1977 1982 

After the initial period of post-planting growth check, early (1976-

1977) RGRs in bare-root stock were also highest for May-planted trees (Table 

5). The July-planted trees were already at a disadvantage because of their 

somewhat lower mass at planting (Table 1) and, as a result of their lower RGR, 

they fell further behind in terms of shoot biomass as the study progressed 

(Tables 4 and 5). A small superiority in RGR between 1978 and 1982 failed to 

change the situation. In contrast with the paperpot results, biomass 

differences remained significant throughout the trial/ the May-planted trees 

being more than double the weight of those planted in July after nine growing 

seasons (1982). 

White spruce: As was the case with black spruce. May-planted white 

spruce bare-root trees remained significantly heavier 

than paperpot trees for the first four years after planting (Table 4). By 1982 

the differences between stock types were no longer significant, although the 

bare-root stock still had about double the biomass of the container stock. The 

lack of significance is probably explained by the great variability in individu 

al tree biomass within treatments, particularly in the later years. This 

applies to trees planted in July also, although in this instance 1982 differ 

ences in shoot biomass between stock types were much smaller than in the spring-

planted trees. Again, paperpot trees were distinguishable from bare-root trees 

for several years by their more slender form and less bushy habit. While the 

distinction tended to persist in open-grown trees, it was commonly obscured in 

trees subject to heavy competition from vegetation. 

In general, paperpots had higher mean RGRs than bare-root trees through 

out the study (Table 5), with the result that there was a substantial reduction 

in bare-root:paperpot shoot biomass ratios over the nine years (Table 6). As 

in black spruce, RGR differences between stock types were greatest in 1975, at 
the end of the second growing season, when paperpot RGRs peaked and bare-root 
stock still showed symptoms of post-planting growth check. 
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In paperpots, summer-planted trees were almost twice as heavy as spring-

planted trees by 1982 (Table 4) although, because of large within-treatment 

variability, this difference was not significant. Much of the variation can be 

attributed to differences in microsite, particularly to the effects of vegeta 

tion competition upon small container stock. Spring- and summer-planted bare-

root trees also had equivalent shoot biomass after nine growing seasons. 

Stem Volume 

Black spruce: Hay-planted bare-root stock had about eight times more 

stem volume than paperpot seedlings at the end of the 

first growing season (Tables 7 and 8). However, because of a higher RGR in the 

latter (Table 9), this advantage had been reduced to 1.7 times by 1978 (Table 

8). Thereafter, the mean RGR was similar for both stock types and, as a result, 

the relative volume difference (not significant) remained constant up to the 
final measurement. 

Results of the July planting were quite different. The stem volume of 

the July-planted bare-root stock at the end of the first growing season was less 

than half that of its spring-planted counterpart, and only 3.7 times greater 

than that of the contemporary paperpot stock (Tables 7 and 8). The lower early 

RGR of bare-root stock (Table 9) enabled the paperpot seedlings to catch up to 

the bare-root trees by the end of the third year after planting (Table 7). From 

1978 to 1982, RGR levels were similar in the two stock types (Table 9), with the 

result that stem volume ratios of summer-planted bare-root and paperpot stock 

remained steady at 0.4 to 0.3 during this period (Table 8). However, in 

absolute terms the paperpots were significantly superior to the bare-root stock 
by 1982 (Table 7). 

Both spring- and sumer-pl anted paperpots had similar RGRs over the nine 
growing seasons (Table 9) and, since the trees were approximately equal in 

volume in 1974, there were no statistical differences in volume nine years 
later. In bare-root stock, however, spring-planted trees were significantly 
greater in volume than their suirmer-planted counterparts and, perhaps aided by 

higher RGRs from 1975 to 1977 (Table 9), remained so throughout the nine years 
(Table 7). 

White spruce: May- and July-planted bare-root stock, respectively, had 
seven and ten times more initial stem volume after one 

growing season than the corresponding paperpot seedlings (Tables 7 and 8). How 
ever, mean RGRs for paperpots were consistently higher than those for bare-root 

trees in both plantings (Table 9), with the result that the relative differences 
between stock types were reduced substantially over the nine-year period (Table 
8). Notwithstanding this reduced differential, stem volume of spring-planted 
bare-root stock was still significantly superior to that of paperpot stock for 
the entire nine years. Only summer-planted paperpots were able to achieve stem 
volume equal to that of bare-root stock by 1982. 



Table 7. Progression of stem volumes (crrP) over nine growing seasonsa (n - 20) 

a Within years and species, means followed by the same letters do not differ significantly at P = 0.05. 
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Table 8. Bare-root :paperpot stem volune ratios. 

Species 

tear 

Time of 

planting 1974 1975 1976 1977 1978 1979 1980 1981 1982 

8.1 7.4 4.0 2.3 1.7 1.6 1.5 1.5 1.5 

3.7 2.0 0.8 0.4 0.4 0.3 0.3 0.3 0.3 

7.0 6.8 5.8 5.2 4.4 3.6 3.2 3.0 3.0 

9.7 4.9 3.7 3.5 2.4 1.7 1.5 1.4 1.3 

Table 9. Mean stem volume RGR (cm3 cm"3 yr 1) 

PP = paperpot, BR = bare-root 

m general, summer-planted paperpots had a slightly higher mean volume 

RGR than spring-planted paperpots throughout the study (Table 9). Despite the 

initial superiority of spring-planted seedlings, this led to a progressive 

divergence in treatment means after 1977 and, although the difference was not 
significant, by the final measurement July-planted trees had more than double 
the stem volume (Table 7). Bare-root volume RGR was also highest in summer-
planted trees, although in this case the mean stem volumes of trees in the two 
plantings were equivalent after nine growing seasons. 
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GENERAL DISCUSSION 

In a strict experimental sense, but subject to qualifications that will 

be discussed later, FH308 paperpot seedlings appear generally to have performed 

at least as well as 3+0 bare-root stock on this moderately difficult site. Over 

all, with black spruce, substantially higher paperpot KGRs during the first few 

years after planting enabled the paperpot stock to equal the size of bare-root 

stock for most growth parameters measured within three to five growing seasons. 

This confirms previous findings (Scarratt 1982) that the advantages of contain-

erization, in terms of increased growth rates, largely disappear after about 

three growing seasons. Eoth stock types had similar relative growth rates from 

1978 to 1982, and by the ninth growing season paperpot trees were either equiva 

lent to bare-root trees in biomass and stem volume (for spring planting) or 

superior to them (for summer planting). The superiority of summer-planted 

paperpots may be partly a reflection of the use of smaller 'rising 3+0' seed 

lings rather than full 3+0 material. However, to put the performance of summer-
planted paperpots into perspective, it will be noted that by 1982 they also had 
caught up to the spring-planted bare-root stock (all parameters). 

With black spruce paperpots, planting season had no significant effect 

upon any of the parameters measured, both May- and July-planted trees having 

generally similar performance over the nine growing seasons. This is in agree 

ment with findings by Scarratt (1974) and Wood and cominy (1985) that, subject 

to seedling physiological quality and local site conditions, containerized 
spruce seedlings can be planted up to the end of July in northern Qitario with 

out adverse effects on their field performance. Although this gives approxi 
mately a 12-week safe planting window, it does not mean that other factors re 

lated to season of planting can be ignored. For example, with paperpot stock it 
is highly desirable that overwintered seedlings be planted early in spring to 
take advantage of the new root flush, and to avoid damage or loss of actively 
growing roots. 

In contrast to paperpots, spring-planted black spruce bare-root trees 

had a higher BfiR than July-planted trees during the first few years after plant 
ing (1974-1978) and were significantly larger after nine growing seasons. Much 
of the difference can probably be attributed to the use of 'rising 3+0' stock 
for the summer planting. Although the smaller initial size of this stock will 
have put it at a disadvantage in comparison with the spring-planted material 
lifting and planting of bare-root stock during periods of active growth, as in 
the case of 'rising- stock, are known to induce physiological shock in seedlings 
trom which they may be slow to recover (Mcdain 1975). 

Bi white spruce, because of a greater disparity between the initial size 
1 bare-root stock, treatment responses were not always as clear 

had higher RGRs 

up to the 
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White spruce exhibited greater consistency than black spruce in its 

response to planting date. In neither stock type did planting date have any 

significant effect upon tree size (all parameters) after nine growing seasons. 

One of the principal biological arguments for container planting has 

been that, because seedlings are planted with an undisturbed and undamaged root 

system, they will experience less severe planting shock than bare-root stock, 

and should be in a better position to grow without delay after planting, As a 

corollary, it has been argued that containerized seedlings should be able to 

match the early performance of bare-root stock on comparable sites, even though 

they are typically smaller at time of planting. Early stock type comparisons, 

such as the one reported here, were designed to test this hypothesis, and pro 

vided the background for later research aimed at defining site-specific con 

tainer stock standards (cf. Scarratt 1982). 

Although the literature documents many instances in which containerized 

seedlings have performed as well as or better than bare-root stock (e.g., Cobbs 

1976, Halland et al. 1981, Walker 1981, Krause 1982, Scarratt 1982, Aim 1983), 

it is evident that no general case can be made. Many factors interact to influ 

ence the result, viz: the absolute and relative sizes of the different stock 

types at time of planting; major morphological deficiencies (e.g., high shoot: 

root ratio, root damage, bud damage); the physiological condition of planting 

stock (e.g., drought tolerance, root growth capacity, nutrient status); site 

constraints, especially in relation, initially, to soil temperature and soil 

moisture, and later to the ability cf trees to keep ahead of competing 
vegetation. 

The results reported here need to be put into perspective, for the stock 

grades employed in this experiment are no longer used today. [fence, the 3+0 

bare-root seedlings were appreciably smaller than the transplant stock that is 
used in current spruce plantings and, in consequence, constituted a less string 

ent standard by which to compare paperpot performance. Similarly, the FH308 

paperpot has been superseded by the larger-volume FH40S container, while current 

specifications for containerized spruce require substantially larger seedlings 
than those used here. These changes do not render the present results obsolete, 
for the experiment is representative of the situation in many young spruce 
plantations throughout northern Qitario. Ffowever, we must be objective in dif 

ferentiating the biological results from the operational effectiveness of our 
treatments. 

The fact that containerized seedlings were able to watch the performance 
of bare-root trees many times their own weight on this site, although it con 
firms the superior early growth potential of container stock, tells us little 
about their regeneration "impact" (i.e., their effectiveness in meeting regener 
ation goals). Essential criteria in any evaluation of plantation performance 
are high survival, an acceptable growth rate, and freedom from competing vegeta-

^T% f±elf ?rformance standad fll 
pg vegeta 

f 190m ^T% ff ?r standards are woefully lacking, Armson et al. 
\IT°1 ? . finSd free-to-^ow" standards for the assessment of 
industry plantations established under Eo-rest Management Agreements E 
transplant plantation of an age similar to that use'd in £ pSTent ^ 
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supplementary height-age tables specify the following growth targets (freedom 

from competition assumed): 

Total height Minimum current 

(cm) height increment (cm) 

Black spruce 198.0 30.0 

White spruce 150.0 24.0 

Although 2+2 transplants constitute a fairly stringent basis for com 

parison, use of this standard confirms what was evident on the ground: that, in 

general, neither stock type was adequate for this moderately difficult site. 

Spring-planted bare-root trees came closest to meeting the standard in both 

black spruce (169 cm) and white spruce (127 cm); they were closely followed by 

summer-planted black spruce paperpots {159 cm), and trailed by summer-planted 

white spruce paperpots (96 cm). Height increments in bare-root stock of both 

species were, on average, 35% lower than the standard; in paperpots the deficit 

was 25% and 44% in black spruce and white spruce, respectively. 

With more frequent weed control the trees might have performed better. 

Certainly, there would probably have been less variability among individual 

trees. However, experience with spruce on other sites in northern Ontario sug 

gests that, even with adequate weed control, planting stock larger than that 

used in this experiment would have been necessary to achieve a vigorous, domi 

nant stand within a reasonable time after planting on this site. Siarratt 

(1982) recommends a one-year-old seedling with a shoot height of 20 cm and a dry 

weight of 1.0 g as the minimum for containerized black spruce even on the 

easiest sites. For more fertile upland sites with heavy competition potential, 

even larger, older seedlings (up to 1.5 years) are recommended (ibid.). This 

reinforces the need for care in matching planting stock (type, morphology and 

physiology) to the particular conditions of the planting site, especially in re 

lation to the potential for weed competition and probable weed control 

strategies. 

Finally, a few comments are in order about the use of RGRs for comparing 

the performance of containerized and bare-root stock. The validity of using 

absolute growth rates has often been questioned on grounds of the large initial 

size differential between these stock types {the apple and the orange analogy). 

Vyse (1982) advocated the use of RGR as a means of circumventing this perceived 

problem, because "...it allows an investigator to assess the efficiency of 

growth in relation to size." However, although the argument has biological 

merit, we believe that reliance on RGR for evaluating stock type performance 

could result in misleading conclusions. 

A high RGR is not an infallible indicator of superior performance, nor 

does it necessarily denote a better treatment (from an operational viewpoint). 

Snail seedlings frequently have higher RGRs than larger ones but, if the initial 

size differential is too great, the former may never be able to catch up, in 

absolute terms, to the latter. This is given in the basic relationship: growth 

■ initial size x PGR x growth period. In a related context, Sweet and Wareing 
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(1966) recognize this when they state that "...while the breeder could if re 

quired select for high RGR in seedlings, there is no guarantee [based] on cur 

rent knowledge that this will give larger trees at rotation age." Ihere is also 

a need for caution in interpreting relative growth rates when the values are 

similar. This is illustrated by two observations from the present study: (1) 

when initial plant size is similar, relatively small differences in RGR can lead 

to substantial differences in absolute size over a number of years; (2) when, on 

the other hand, RGRs are similar, a small initial size difference can be 

magnified over time, and can again lead to substantial differences in absolute 

size. 

Notwithstanding these observations, RGR can be a valuable adjunct to 

absolute growth values in interpreting biological response, more particularly in 

experiments that compare stock of equivalent size and physiological status. It 

has to be recognized, however, that certain absolute growth parameters, such as 

shoot height, have important operational implications with respect to the suc 

cess of a regeneration treatment (i.e., the regeneration "intact" of a treat 

ment). An ability to stay ahead of competing vegetation is one such considera 
tion, irrespective of the type of stock employed or its RGR. 

CONCLUSIONS 

1. On this moderately difficult site, black spruce containerized seedlings per 

formed at least as well as much larger 3-K) bare-root stock during the first 
nine years after planting. In general, substantially higher paperpot RGRs 
during the first few years enabled paperpot seedlings to attain the same 

size as bare-root trees within three to five growing seasons. This confirms 
the superior early growth potential of container stock, although many other 

factors, both biological and environmental, interact to influence the final 
result. 

2. In contrast to black spruce, white spruce container stock of the grade 

tested performed less well than 3-f-O bare-root stock. Substantially larger 
container stock is probably required to provide a practicable alternative to 
bare-root material. 

3. Within the context of May and July plantings, planting season does not 
appear to have any long-term significance for field performance of container 

stock. This confirms previous findings that, subject to seedling physiolog 
ical quality and local site conditions, containerized spruce seedlings can 
be planted up to the end of July in northern Ontario without adverse effects 
on field performance. 

4. The benefits of containerization, in terms of increased growth potential, 
largely disappear within about three years of outplanting. Therefore if 
growth performance of container stock is to match that of bare-root stock on 
a given aite, seedlings must be of a size that will allow this to occur 
within a similar tiine frame. occur 
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5. Larger planting stock, both paperpot and bare-root, than was used in this 

experiment is required to ensure that young plantations quickly grow free 

from competition even on sites, similar to the one described here, with only 

moderate competition potential. 

6. As the sole basis for evaluating plantation performance, RGRs can be diffi 

cult to interpret, especially in an operational context. However, as an 

adjunct to absolute growth indices, RGR can provide valuable insights into 

the growth dynamics of a situation and help to interpret biological 

response. 
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