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PREFACE 

foresC. 

The main biological support within the project «K' P»J**£ £ 
the Study GLC-15-915: Nutritional and physiological Actors affecting 
the survival and growth of mechanically planted trees. 

A program of research (by contract) to investigate planting 

3T sSH S?H ^w^sSi 
be lMorpor«.d tato 

planting operations. 

It is now generally recognized that the rate of forest regenera-

funds, staff, equipment, and nu 

need o 

^rnmenttoaU jjjg 
t'o annually regenerate sufficient clover ««- « «.d of 

F «the Tr asurer of'o.tario and the Minister of Natural 
Octobe- 1975 p. 54) would require, by 1982, the regeneration o, 125,000 
ha a which is about double the 1976 program (Forest PoUcies in 
ha per annum, wn obieccives, Problems and Issues: identxfication 
Canada, Vol. I. Major Ob ecti Environment Ministers, 

and treads. Ca«»d"n J10"0"1 °?f6 p 48). In OMNR's Northern Region 
on Forest Policy, J.?'", p. ™/ . . . -. 

Tf -e assume complete success in obtaining satisfactory re-

,. 40). 

Two major considerations militated for J-king to solve the 

^ral activity. Incidentally, 
ization would solve the labor supply problem 

that mechan 



In any event, there would be obvious advantages to extending the 
planting season, provided that reasonably successful results could be 
obtained. 

The report now presented covers performance of stock outplanted 
by hand at intervals after the end of the conventional planting season 
through mid-October. The results are presented in context with a thor 
ough review of the literature dealing with the range of options avail 
able to the_ forest manager whose bare-root planting program cannot be 
completed within the spring planting season using fresh, unflushed 
stock,_ An abbreviated report concentrating on the new experimental re 
sults is also in preparation. A companion report will be forthcoming on 
the results of conventional planting season studies. 



ABSTRACT 
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Che 'boreal forest by 
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L^ shipping-run, 
review of the literature relating 
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-root planting season. 

(a), at intervals of two weeks 

\arnb.), 3+0 black fsPruce. (PJC®^ ̂ rToutDlanted"(for a' total of 
white spruce (V. glauca [Moench! ^J^^ and" tiU sites in boreal 
145,000 trees) on a variety 0 storage conditions, 

Ontario. Despite variation in jl«tiD8 "^^ £irst- through fourth-
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decreased both survival and growth. LliiLn^ even wich ifflperfect 
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1. INTRODUCTION 

In the temperate and boreal regions, spring has been the gen 
erally Preferred season for placing forest trees (ICittredge 929 
Tourney and Korstian 1942, Kbstler 1956, Sinclair and Boyd 1973, Stiell 
iq76 Carlson 1977). In Ontario, the practice of spring planting was so 

flX UtStuhid that neither Staley (1970) nor Stevens (1970) ra 
tioned season of planting when describing planting practice in southern 
and northern Ontario, respectively: planting took place in the spring 
Campbell (1977) noted that in eastern Ontario almost all panting of 
bare-root stock is done in spring between mid-April and the end of May 
In the Atikokan District of the Ontario Ministry of Natural Resources 
(OMNR) North Central Region, spring planting is considered to be best 

(Carlson 1977). 

There are good reasons for this preference. Soils are generally 
moist after the spring thaw, the growing season is about to begin, and 
freshly lifted stock is physiologically attuned to the climatic progres-

sion experienced. 

The general preference for spring planting is in fact well 
founded on success. Experience generally supports Tourney and Korstian s 
(1942) contention that "almost without exception the most favorable time 
for...planting is two weeks or more before buds [of the planting stock] 

begin their growth". 

If the scale of operations and the availability of affordable 

labor are such that the outplanting program can be completed with 
freshly lifted stock that is dormant or nearly so, there is little rea 
son to d-part from conventional practice. In other circumstances, how 
ever, outplanting practice mast, to a greater or lesser degree, depart 

from the ideal. 

Traditionally, autumn has been the second most popular season 

for oUntin*. By autumn, the current-year shoots have hardened off, the 
demand for soil moisture by competing vegetation has greatly decreased, 

access is usually easier, and labor is often more readily available than 
in spring Results have sometimes been as good with rail planting_as 

with soring planting (cf. Baldwin [1938a,b]), and both fall and spring 

planting have their place in the Inland Northwest (Ryker 1976). How 
ever high mortality has often occurred among fall-planted trees_ Ut. 

LeBarron et al. [1938]). In Ontario, autumn planting of conifers is now 
avoided whenever possible because of indifferent results or total lack 
of success in the past (cf. Bunting and Mullin 1967, Campbell 1977, 
Brown 1977). Autumn planting of hardwoods may (Kbstler 1936) or may not 

(von Althen 1975, 1980) be more successful. 

Attempts to extend the planting season have therefore tended to 
concentrate on prolonging the spring planting season into the summer 
(cf. Crossley 1956, Burgar and Lyon 1963, Mullin 1971, Latt 1972 Revel 
and Coates 1976, Mullin 1978, McClain 1979), sometimes with freshly 
lifted stock, sometimes with stored stock. The sustained interest in 



the subject is not surprising in chat the season of planting has been 

the source of most of the serious technical errors committed in artifi 

cial regeneration silviculture (Cayford 1973). 

What follows is an account of the first- through fourth-year re 

sults obtained in extended planting season studies conducted within the 

Great Lakes Forest Research Centre's Project GLC-15. These results are 

set in the context of the literature relevant to planting season exten 

sion as a whole, in order to provide the forest manager with a consol 
idated account of the range of options available. 

2. OBJECTIVES 

The objective of the extended planting season investigation 

reported here is to determine survival and growth of spring-lifted, 

cold-stored (i.e., frozen) shipping-run, bare-root, jack pine (Finns 

banksiana Lamb.), black spruce (Piaea mariana [Mill.] B.S.P.), and white 

spruce (P. glauca [Moench] Voss) stock outpLanted, under various fertil 

ization and tilling treatments, at intervals of two weeks beginning at 

the end of June and continuing through the growing season to mid-October 

on a variety of outwash and till soils on typical cutover sites in the 

B.7 and B.8 Sections of the Bo.real Forest Region (Rowe 1972) of Ontario, 

and thereby to determine the extent to which the conventional planting 

season may be extended by operational outplant ing of spring-lifted, 

cold-stored, bare-root stock. 

3. METHODS AND MATERIALS 

For the field experimentation, a semi-operational scale was 

deemed necessary. Careful handling and planting of stock, e.g., by re 

searchers, are known to give results often dramatically superior to 

those achieved in operational practice (cf. Anon. 1981, Pierpoint et 

al. 1981). The present study, however, sought results that could be ex 

pected to approximate those that might be achieved with operational 

practice. Also, to provide some basis for using the results predic-

tively, replications in time and place were considered essential. Thus, 

influence of site, species, and weather, as well as the main variable of 

interest, viz., planting date, had to be evaluated. The fertilization 

treatments were an attempt to manipulate growing medium fertility to 

promote rooting Ccf. Bjorkman 1953). Tilling as a treatment was in 

cluded because of its influence on soil temperature (Dobbs and McMinn 

1973, 1977, McMinn 1979), a highly important factor determining root 

growth and root system development (Sutton 1969, 1980b), especially in 

boreal soiIs. 



Planting stock morphology, planting stock quality, and root 

growth capacity (RGC) were also of interest, but of these only RGC was 

investigated experimentally. 

The plantings and the application of fertilizer and tilling 

treatments were carried out by contract, as were most of the assess 

ments . 

3.1 EXPERIMENTAL DESIGN 3-] 

A fully randomized factorial design was used, with 3 years of 

planting x 3 sites per annum x 9 sequential plantings per annum x 3 spe 

cies x 3 fertilization levels x 2 weed control (1971, 1972) or tilling 

(1973) treatments x 5 replications, in 20-tree plots, for a total of 

145,800 trees. Thus 600 trees per species per site were planted in each 

sequential planting. 

3.2 FACTORS 3-2 

3.21 YEAR OF PLANTING 3-21 

The plantings of 1971 (P71 were repeated, but with independent 

randomization, in 1972 (P72) and 1973 (P73). This replication in time 

provides some basis for assessing both the effects of annual variation 

in weather and stock quality x planting year interaction. 

3.22 SITE 

Three sites were planted each year (Table 1). There is a major 

geographical separation between planting sites: the 1972 outplantings 

are 80 km north of Lake Superior in the vicinity of Manitouwadge, and 

the 1971 and 1973 outplant ings are about 300 km away to the southeast 

grouped within 80 km of Chapleau, which is situated 120 km east of Lake 

Superior (Fig- 1). This separation was occasioned by logistical re 

quirements related to the conventional planting season studies referred 

to in the Preface. For convenience, the two groups of sites are re 

ferred to as the Manitouwadge and the Chapleau sites. They lie, respec 

tively, in the eastern part of the Central Plateau (B.8) and the western 

part of the Missinaibi-Cabonga (B.7) portions of Rowe's (1972) Boreal 

Forest Region. 

Two of each year's sites were located on pitted outwash sand or 

gravelly sand (Fig. 2), and one on upland bouldery sandy loam till 

(Fig. 3). The outwash soils are predominantly coarse to medium sands 

with a gravel content ranging from negligible at Fawn to 40% or more in 

some parts of the Block C East, Block C West, and Budd sites. The Fawn 

sands are a little more acid and somewhat less fertile than are the C 

East and C West sands and gravelly sands at Manitouwadge, which, how 

ever, have lower contents of nutrients per unit volume of soil because 

3.22 



Table 1. location, ilavacicn, and sain toil -har 

a tfveh ssoe till influenca ac the hignar alevacions. 

of the dilution effect of gravel (Sutton 1979a). 

sands are similar to Che Manitouwadge gravelly sands. 

The Budd gravelly 

AC Fawn, the upper slopes of the low bedrock ridge are influ 

enced by till, and while the soil here is also sandy, its concent of 

fines is higher than that of the out wash material elsewhere at Fawn. 

This small textural difference is enough to cause a perceptible change 

in vegetation, the till-influenced cap supporting a somewhat richer veg 

etation tending towards the mixedwood type, including especially aspen 

(Populus iremuloidss Michx.) (Fig. 4). 

The bouldery sandy loam tills ara fresh to well drained for the 

most part, but patches affected by impeded drainage occur in association 

with locally shallow soil over bedrock concavities, and some parts of 

the sites are affected by telluric water. The till soils are consider 

ably more fertile than the outwash soils. 

On all sites, harvesting had been carried out in 1970/1971. The 

clearcut outwash sites had carried stands of jack pine, either pure or 

in mixture with black spruce. The till sites, which had been selec 

tively cut for balsam fir (Abies balsamea [L.] Mill.) and, especially, 

white spruce, carried intolerant mixedwood (c f. MacLean 1960). 
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Figure 1. 
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Figure 2. Someof the outwash sites: A. P71 and P73 Budd (part) 
showing windowing site prepartion; B. P72 Block C East 
lies to the left of the kettle lake (Figure 2 continued 



■' ;-- -y ■■'■■ -- "/> w—. 

d gj ̂periment:al area. Above, fro. the air, showing 
the nine parallel «indrowed strips, each 500 m long, with arrows indi 
cating (a) the P71 6th sequential planting strip, and (b) the P/j 1st 

planting strip. Below left (a), ground view west along the ^ ̂  
planting strip. Below right (b), ground view east along the 

planting strip. 
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Figure 3. Some of the till sites: A. P71 Dal ton, showing Che drastic 
nature of site preparation; B. P72 Mooseskull, showing site 
preparation in progress. 



Before site preparation, the outwash sites carried a lesser veg 

etation dominated by blueberries (Vaaoinium angustifolium Ait. and V. 

myrtilloides Michx. and, at Fawn and Budd, sweetfern (Comptonia peve-

gvina [L... ] Coult.). The lesser vegetation carried by the Manitouwadge 

outwash soils was generally similar to that of the Chapleau sites, ex 

cept for the absence of sweetfern from the Manitouwadge sites. 

In comparison with the other outwash sites, Fawn is more vari 

able in topography, soil, and, thus, vegetation. This results from the 

presence of the til1-influenced ridge of bedrock trending north-south, 

more or less at right angles across the sequential planting strips. 

Aspen was a major component of the ridge cap vegetation, but jack pine 

was also strongly represented. 

The till sites had carried vegetation typical of the intolerant 

mixedwoods as described by MacLean (1960) (Appendix A). After selective 

cutting of conifers, the residual vegetation included white birch (Bet-

ula papyrifeva Marsh.) and aspen in the tree layer; mountain maple (Acer 

spicatum Lam.), beaked hazel (Corylus covnuta Marsh.), speckled alder 
(Alnus TUQOSa [Du Roi] Spreng.), and green alder (A. arispa [Ait.] 

Pursh) in the shrub layer. 

3.23 SPECIES 3-23 

The choi ce of jack pine black spruce and wh ite spruce was 

based on the fact that the study sites included some that had carried 

typical stands of jack pine, some that had carried mixed stands of jack 

pine and black spruce, and some that had had a white spruce component. 

Also, virtually the whole of the planting program in the boreal Forest 

of Ontario is with these species. 

All three species were used on all sites, notwithstanding the 

apparent unsuitability of white spruce to some of the outwash sites. 

This was done to preserve statistical orthogonality, and, more espe 

cially, because of the informative nature of species comparisons. 

Provenance was not included as a variable, but two provenances 

were used in the companion conventional planting season studies men 

tioned in the Preface. 

3.24 SEQUENTIAL PLANTING 3-24 

Sequential outplantings were begun at the end of June in each 

year. They were continued at intervals of two weeks through the growing 

season into mid-October, for a total of nine plantings in each year. 

The outplantings thus began after the end of what is locally considered 

to be the normal planting season. 
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Figure 4. Till-influenced ridge-cap at Fawn, delineated by a stand o f 

sapling aspen. 

Outplanting was by hand, according to the operational slit 

method (Fig. 5). The contract called for trees to be firmed well enough 
to withstand a sustained pull of about 2 kg, although firming to this 

degree was not possible after tilling on the outwash sites when the 

soil was dry. Each sequential outplanting of three species x 600 trees 
at each site was completed in two or three days. 

3-25 3.25 FERTILIZATION 

Three levels of fertilization were applied: none, low, and 

high. The low rate was obtained by hand-broadcasting approximately 12 g 

of 15-15-15 or 25 g of 7-7-7 commercial NPK fertilizer over a patch, 

approximately 35 cm in radius, centred on each treated tree for a nom 

inal application of 43 kg/ha N, 19 kg/ha P, and 36 kg/ha K. The high 
rate was double the low rate. 

The aim here was to determine whether, especially on the out-

wash sites, which are low in available nutrients, root growth could be 

promoted by inorganic fertilization at the time of planting. That the 

response of a transplant root system to reduction and deformation (as 

must necessarily occur in out pi anted bare-root stock) may be highly de 

pendent on the fertility of the growing medium is persuasively indicated 
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Figure 5. Hand planting by the operational slit method in 1973; 
contractor, A. McDonald, is on the left. 

the 

by Biorkman's (1953) experiment with Norway spruce (Heed abies 
Karst.), although capitilization on this by field fertilization is 

ficult Ccf. Leikola and Rikala 1974). 

[L.] 

dif 

Fertilizer application, where appropriate, immediately preceded 

any cultivation. In treatments not involving tilling, the broadcast 

fertilizer was left on the surface. 

A color-coded painted wire pin at the beginning of ̂ each plot 
identified the fertilizer treatment: red = control, white - low, and 

blue = high rates, respectively. 

3.26 WEED CONTROL/TILLING 

Initially, provision was made for a factorial weed control 
treatment. However, it became clear during the first two years of 
experimentation that weed growth was insufficient to warrant treatment. 

This reflected both the low fertility of the outwash sites and the 
drastic nature of the site preparation carried out on all sites. In 
effect this doubled the replication for 1971 and 1972, when all plots, 
except those in the 1971 mixedwood area (as described under Species on 

page 6), were rototilled along the line of planting for the full length 

of the plot. 

3.26 

Tilling was introduced as an orthogonal 

plantings: half the number of plots were tilled, 

variable in the P73 

and half were not. A 
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Hang Rotary Tiller fitted with a 9 h.p. Wisconsin engine was used, and 
cultivation, again along the length of the plot, was to a depth of 
about 12.5 cm. 

3-3 3.3 SITE PREPARATION 

-I. u /\ oriSinally conceived, outplanting was to have been into soil 
that had been rototilled to provide a growing medium of mixed organic 
and mineral matter. The intention was to conserve fertility while to 
some degree promoting mineralization, and to raise rooting zone tem 
peratures by eliminating the surface mat of organic matter. The only 
rototiller that could be obtained for the 1971 season, however, could 
not till through the root mat even on the easiest site: roots only 5 mm 
in diameter were enough to stall the 5 h.p. Briggs and Stratton motor 
of: the MTD, and stoppages were incessant. Before rototilling could be 
done, stumps and most of the tree roots had to be cleared in corridor 
fashion (cf. Fig. 2, 3). This operation, which employed a D6 crawler 
tractor with a straight blade fitted with Young's teeth (Fig 6) re 
moved much of the most fertile part of the soil. For the 1971 plant 
ings, corridor site preparation was carried out immediately before 
hand. Rototilling of the mixedwood site still proved to be impossible 
and a three-pronged garden hoe was used instead. 

For the 1972 plantings, corridor site preparation was carried 
out on Sites 1 and 2 and on part of Site 3 (Table 1) in the fall of 
iy/l; bite J was completed in May and June 1972. 

For the 1972 and 1973 seasons, the Mang Rotary Tiller was used 
This machine might well have been capable of tilling in the fashion 
originally intended, provided that logs and heavy slash were removed 
rrom its path. The study, however, continued with the corridor site 
preparation, this being considered to be closer to an operational mode 

than the tilling would have been: and in fact the 1973 replication was 
accommodated on the failed parts (late sequential plantings) of the P71 
plantings after soil analyses had shown no residual effects from the 
1971 treatments. The Mang performed well on all sites after corridor 
site preparation, even on the mixedwood site (Fig. 7). 

3-4 3.4 THE PLANTING STOCK 

Spring-lifted bare-root seedlings (2+0 jack pine, 3+0 black 
spruce, and 3+0 white spruce) of Provenance 4E were used throughout In 
Ontario, bare-root stock is almost ten times more commonly planted than 
is containerized stock. All the planting stock was raised in OMNR nur 

series: the 1971 jack pine was supplied by Chapleau Nursery and all 
other stock came from Swastika Nursery. The foliage nutrient concentra 
tions were not determined for the P71 stock, but the P72 and P73 stock 
were similar to one another in many respects (Table 2). 



■•■*■ 

Figure 6. (left) 

Young's teeth mounted on straight blade 

used in Mooseskull site preparation. 

-■.'.,,_■ 

•9 " 

.»■■*-. 
S ■ -- -■■ ■ tta 

Figure 7. Rototilling with the Mang at Mooseskull 

in 1972, 

A. (above) Tilling upslope 

B. (left) Fine tilth produced by 

tilling. 
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Table 2. Foliage nutrient concentrations in planting stock 
used in 1972 (P72) and 1973 (P73) sampled prior to cold 
storage. 

Year of 

planting Species N 

(X) 

1972a jack pine (jP) 1.93 

black spruce (bS) 1.58 

white spruce (wS) 1.67 

K 

(X) 

0.47 

0.44 

0.34 

Ca 

(I) 

0.42 

0.58 

0.64 

Mg 

0.057 

0.060 

0.047 

1973b 

bS 

wS 

1.90 0.17 

1.33 0.13 

1.56 0.14 

0.72 0.39 0.092 

0.48 0.59 0.068 

0.37 0.97 0.072 

a Values for 1972 stock are means of four samples each composited 
from five randomly selected plants. 

b Values for 1973 stock are means of 10 individual samples. 

Shipping-run stock was used in preference to stock specially 
selected or specially treated. This was to obtain results that would 
relate as closely as possible to those that could be expected from 
operational planting programs employing the applied treatments. 

Difficulties were experienced in obtaining stock at short 
notice for the 1971 plantings. All of the stock had flushed before re 
ceipt, and the black spruce had been rejected for operational planting 
because of Us high shootrroot ratio, paucity of root system, spindli-
ness of stem, and the dry and blackened condition of most of the needles 
older than those of the current year, the usual result of over-heating 
at some stage during storage or transportation. 

On receipt, the 1971 stock was placed in refrigerated storage 
at the Great Lakes Forest Research Centre at Sault Ste. Marie. Severe 
moulding by Septooylindvioum geotriohwn developed on all planting stock 
during storage, likely as a consequence of the non-dormant condition of 
the stock when it was received, and of a cooling unit that malfunctioned 
on several occasions, allowing temperatures to rise to 10-15°C. The 

1971 plantings were nevertheless continued on the basis that the results 
would represent a lower limit of what might be achieved in excessively 
poor operational practice (Sutton 1975), and also to obtain procedural 

and logistical experience that would facilitate subsequent experimenta 
tion. 
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The cold storage Eaeilitiss that became available at Swastika 
nursery in 1972 were much superior to those used in 1971. Also, their 
use minimized the delay between stock lifting and refrigeration. In 
both 1972 and 1973, stock was spring-lifted, graded, bundled bagged, 
and placed in cold storage, probably within an hoar, as part of tne reg 
ular nursery operations. This cold storage facility was used for the 
whole of the 1972 stock storage period. Planting stock for the 1972 
plantings was air-lifted as required from Swastika to a point within a 
few kilometres of the planting sites, thereby obviating the long road 

haul. 

The Swastika Nursery cold storage facility was used again, at the 

outset in 1973, but on 9 August, the stock was transferred to the pro 
vincial cold storage facility at Elk Lake following malfunctions of the 
Swastika refrigerating units. Subsequent examination of the Swastika 
cold storage temperature records showed that serious malfunctions had 
already occurred on 28 June and 5 July when the internal bag temperature 

rose to 7°C and lTC, respectively. At the time of the transfer to _EU 
Lake which took 2.5 hours, the stock seemed to be in good condition, 
although some mould had developed on the white spruce, generally in the 
vicinity of the bundling string. Mould had not developed on those 
bundles that were held together by elastic bands. The Elk Lake cold 
storage facility operated between -12"C and -6°C. This was emergency, 

not operational storage. Stock would not normally be deep-frozen for 

storage. 

The planting stock was withdrawn as required from refrigerated 

storage. 

3.5 ROOT GROWTH CAPACITY 

Foot growth capacity (EGG) was determined on subsamples of the 

planting stock used in alternate sequential outPlantings in 1972 and 
1973 Batches of stock for these outplantings were randomly subsampled 
by the bundle to provide a grand total of 3594 trees for RGC testing 
(Sutton 1980a). For RGC determination, the trees were washed clean and 

examined for the presence of unlignified roots,_then grown m _ 0.1 
strength Arnon and Hoagiand's nutrient solution (Hewitt 1966), both in a 
home-made laboratory growth tank (T) and in an EY15 Plant Growth 
Cabinet (O manufactured by Controlled Environment Ltd. of Winnipeg, 

Manitoba. The solution was changed weekly; it was circulated and aerated 

continuously to maintain full atmospheric partial pressure of oxygen. 

The total volumes circulating were 200 L and 230 L in T and C, respec 
tively. The temperature of the nutrient solutions was held constant at 

21 + 1°C The ambient temperatures were 21-27°C (T) and 21 C (C). An 
13-hour photoperiod was provided by fluorescent and incandescent lamps, 

which at plant height gave approximately 21,000 lux (T) and 32 000 lux 
(C) respectively. The trees were removed after 21 days, and all fresh, 

white roots were counted, short roots and long roots (sensu Sutton 

1969) separately. 
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3.6 3.6 ANALYSIS 

The data were subjected to analysis of variance, using plot 

means, not individual tree values. Enumeration data, e.g., for 

survival, were appropriately trans formed before analysis.-

4. 4. RESULTS AND DISCUSSION 

The results of the first four years of field performance are 

presented, first as an overview, and then in detail by factors. The 

interrelationship between survival and growth should be kept in mind 

throughout. 

4.1 4.1 OVERVIEW 

Overall performance in the outplantings displays a pronounced 

and consistent pattern. The isometric diagrams (Fig. 82a-i are well 

suited to showing the main features: reasonably good survival for the 

first planting or two, a rapid decline in survival thereafter, parallel 

behavior in terms of height growth of survivors, a height growth rate 

several times more rapid in jack pine than in the spruces, and the supe 

rior height growth rate of black spruce compared with that of white 

spruce. 

This consistency, notwithstanding the large component of uncon 

trolled variation in the results, suggests that the forces shaping the 

pattern are strong in comparison with the influence of factors such as 

stock loc and site. The main determining factor is probably the decline 

of performance potential among planting stock during prolonged storage 

(Sutton 1980a). 

The results of the present study support observations previously 

reported (cf. Zeigler 1915, Cummings 1942, Hermann 1962, Mullin 1974a, 

etc.) that, with initially similar stock, the growth of surviving out-

plants is poorer where survival is low than where it is high. In other 

words, the percentage survival among outplants and the growth of survi 

vors are positively correlated. For instance, a mortality rate of 50% 

would represent much more than a 50% loss in performance in comparison 

with that of a plantation in which all trees survived. 

Note: Henceforth, unless otherwise stated, sequential plantings 

6 through 9 (or, in the case of the P71 Dal ton till site, plantings 3 

through 9) are ignored, survival having been too low to warrant further 

cons ideration, 
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4.2 4.2 FACTORS 

4.21 4.21 YEAR OF PLANTING 

Attempts Co establish forest plantations, if conducted in one 

year only, would yield results that, no matter how persuasive, would be 

of little predictive value. A chance peculiarity of weather might pro 

duce a once-in-a-lifetime result. Therefore, these stand establishment 

studies were repeated in each of three consecutive years, with a view to 

obtaining an indication of the degree to which an ongoing operational 

program of forestation employing the investigated techniques might be 

affected by annual variations in the weather. There are, however, at 

least two important limitations to the inferences that can be drawn from 

inter-year comparisons: first, the planting stock used in one year's 

experimentation must necessarily differ from that used in any other 

year; second, differences in geographical location, as in the present 

study, inevitably introduce further variation. Even a three-year span 

is a small climatic sample from which to draw general conclusions 

(Sinclair and Boyd 1973) . 

4.211 4.211 PLANTING STOCK 

The morphology and physiological character of nursery stock 

grown in northern nurseries may vary widely from year to year, even be 

fore lifting, and the series of operations that culminates in outplant-

ing differentially increases variation. Some of the morphological var 

iation may be reduced or obscured by culling and grading, although the 

large variation in stock size within the same bundle may raise doubts 

about the existence of cull standards (Kim 1977). The physiological 

variation among planting stock remains hidden unless exposed by physio 

logical testing (Sutton 1979b). 

4.212 4.212 EPISODIC CONSTRAINTS 

Also contributing to between-year variation in the performance 

of outplants are episodic constraints that are neither coeval nor coex 

tensive. For example, the Chapleau group of sites was affected by a 

spruce budworm (Choristoneura fumifera.no. [Clem. ]) epidemic, but the 

Manitouwadge sites were not. The epidemic became intense in 1973 and 

remained so for several years. Its intensity may be judged by the fact 

that, in 1975, I counted 51 late instar larvae on one four-year-old 

black spruce outplant 50 cm tall. 

4.213 4.213 WEATHER 

Given the desiderata of good planting of stock possessed of 

reasonable performance potential at the time of planting, the site con 

ditions at the time of outplanting and for several weeks thereafter are 

major determinants of outplant performance, certainly in the first year, 
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probably for several years, and possibly for the Lifetime of the tree. 

In the boreal forest of central Canada, where these studies are being 
conducted, the storm tracks and weather patterns vary greatly from day 
to day as well as from year to year, the climate here being character 

ised by a high frequency of cyclonic passages in summer and almost con 

stant frontal activity (Larsen 1980). 

ApproximaCions of the weather experienced by the two groups of 

sites are given by data averaged from the designated weather stations. 
Details of the calculations are given in Appendix B. Weather data for 

the individual sites are not available. 

The Chapleau group of sites experienced mean daily air tempera 

tures (Fig. 9) that were 1°C to 2°C lower than normal in July and 

August, 1971; July was the only month in which a freezing temperature 

did not occur. In 1972, temperatures were lower than normal from June 

through October, but neither July nor August experienced freezing temp 

eratures. In 1973, temperatures were higher than normal from June 

through October (the August mean exceeding normal by as much as 3°C), 
and below-freezing temperatures did not occur in June, July,^ and 

August. With regard to precipitation on the Chapleau group of sites, 

the May through September period of 1971, after a wet start, was much 

drier than normal, 1972 was wet, and 1973 was also wetter than normal 

until July, but August, September and October were considerably drier 

than normal (Fig. 10, Table 3). 

Table 3. Estimated precipitation, May through 

September, for the Chapleau and 

Manitouwadge groups of sites, based 

on Appendix B data. 

a outplantings carried out in the area. 
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Figure 9. Mean monthly (April through October) temperature 1971 
through 1976, computed for the Chapleau group of sites as 

per Appendix B. 
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Figure 10. Mean monthly (April through October) precipitation 1971 

through 1976, and actual vs normal cumulative precipitation 

(May through September), computed for the Chapleau group of 

sites as per Appendix 3. 
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The Manitouwadge group of sites also experienced below-normal 

mean daily air temperatures (Fig. 11) in July (by as much as 3.9°C) and 

August:, 1971, and, again, July was the only month in which the absolute 

minimum remained above 0°C. In 1972, the year in which Che Manitouwadge 

group of plots was established, mean daily temperatures averaged 1.5°C 

lower Chan normal from June through October, and every month had an ab 

solute minimum of 0°C or below. In 1973, normal mean temperatures oc 

curred until July, after which temperatures exceeded normal by 1°C to 

3°C. With respect to precipitation (Fig. 12), the Manitouwadge sites 

were much wet ter than normal in every month from April through October, 

1971, except for August and September in which precipitation was nor 

mal. The year 1972 was very dry, with precipitation much below normal in 

every month except July. For instance, the first sequential outplant-

ings in 1972 on the outwash sites took place at a time when the soil was 

excessively dry (Fig. 13). The 12 mm of rain that fell on 9 July was 

the first significant rain for more than a month. The previous rain of 

consequence occurred well before 13 June, when the soil moisture (deter 

mined gravimetrically) on similar soil close by was only 12% at both the 

12.5 era and 37.5 cm depth (Sutton 1979a). The weather remained somewhat 

dry in 1973. 

Frost adversely affected many of the white spruce, and not only 

those planted late in the growing season. However, the factor that ex 

erted the greatest overall influence on the results was intermittent 

lack of soil moisture. 

Climatic parameters for the region encompassing all the sites 

within the present study were given by Rodenwaldt (1965) thus: mean 

growing season precipitation 300 mm to 380 mm, mean annual total precip 

itation 700 mm to 750 mm, variability of growing season precipitation 

20%, and a growing season of 140 days to 160 days. 

4.214 4.214 STOCK PERFORMANCE 

Overall comparisons between years suffer from the geographical 

complications already mentioned. Also, survival was too low in the 

third and later sequential plantings on the P71 till site, and in the 

fifth and later sequential plantings on the P71 outwash sites, to war 

rant the inclusion of P71 data from any but the first and second sequen 

tial plantings at Dalton and the first through fourth sequential plant 

ings at Budd and Fawn. In all other cases, data from the first through 

fifth plantings are used. Nevertheless, a generally similar pattern of 

performance during the first four years after outplanting is apparent 

for each of the three years of establishment when site, species, and 

treatments are combined (Fig. 14). 
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Figure 11. Mean monCnly (April through October) temperature 1971 

through 1976, computed for Che Manitouwadge group of sites 
as per Appendix B. 
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Figure 12. Mean monthly (April through October) precipitation 1971 
through 1976, and acCual vs normal cumulative precipiCatLon 

(May through September), computed for the Maninouwadge group 

of sites as per Appendix B. 
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Figure 13. Blowing sand, Block C Manitouwadge during 1972 drought 

20 -

E 
o 

i- 15-
z 
tu 

o 
z 

10 -

1 
z 
< 

111 

71 

I 1 1 

72 73 74 

YEAR OF OBSERVATION 

75 76 

60 -

u 50-

40 -

£ 30 -

P 20-

LU 10 " 

P71 P72 P73 

Figure 14. 
Mean annual height increment, 1st through 4th growing 

seasons after outplanting, and mean total height after 4 
growing seasons, over all (site, species, sequential plant 

ings 1 and 2, for the P71 till site, 1 through 4 for the P71 
outwash sites, and 1 through 5 in all other cases, and fer 

tilization/tilling treatments combined) by year of plant 

ing. P71, etc. - planted in 1971, etc. 
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_ The overall comparison between the outwash sites of the 1971 
plantings and those of 1973, on the .same suite of sites, may be used to 

^"mf6! ?• STll £ »J»"«*ty of patter,. The higher survival in 
the 1973 plantings (Table 4), though not statistically significant, may 
reasonably_ be assumed to include a reflection of better quality of the 
iy/j planting stock, although quantitative evidence as to differences in 
performance potential are lacking. The 1973 plantings are also superior 
in terms of^ growth (Table 5), but the differences are not significant 
and the similarity is pronounced. 

P7i a P/l and 
general.simi}arity ^ overall growth performance between the 
series is evident for all three species (Fig. 15, 16, 17). 

Table 4. Overall mean survival one and four 

growing seasons after outplanting 
(outwash sites, species, and 
fertilizer/tilling treatments com 

bined) for the first two plantings 
in 1971 and 1973. No significant 
(P .05) differences by chi-square 
test within either columns or rows. 

Year of Sequential 

planting planting 
lat-year 

survival 

4th-year 

survival 

The basis for comparing the results obtained from studies esta 
blished in different years is therefore exceedingly insecure. Such 
pansons nevertheless serve a useful purpose. Patterns j 

enough to transcend these insecurities, would be of considerable value 
in predicting the outcome of operational applications. 

corn-

stable 

4.22 4.22 SITE 

Following site preparation, which removed pre-existing vegeta-
almost completely, the outwash sites were commonly recolonized 
by sedges (Carex L.), including Carex adusta 

Nutt., C. brunnesaens (Pers.) Poir., and C. 

tion 

first 
Boott, 

houghtonii Torr. 
C. auvea 

and then 
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q 1 through 4, U^'w UI- 1 "»"•«" ' " , , . . 

tion/tilling treatments combined) by year of establish 
ment Within columns, values not followed by the same 

letter differ significantly (P .05).^ 

Total height 

after four 

growing seasons 

(cm) 

Annual height increment 

elements of the 
fl 

, including Alnus crispa (Ait.) 
, iefolia 

pp. 

!3 
/»!•' GtlJl and ..ftnll, reg 

pine. 

The 

site preparation was 

Fern., ft 5 

» 

n th. ^ 
dominatedI large 1. y 

jj* - ^W/jJa Lam. var. i 
and C. ^J/02/2 

a (Wieg.) 

b; 

2s; -
srss 

«„ 

the outwash soils. 
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Figure 15. Jack pine CjP): niean annual height increment, 1st through 

4th growing seasons after outplanting, and mean total 

height after 4 growing seasons, over all (site, sequential 

plantings 1 through 2 for the ?71 till site, 1 through 4 for 

the P71 outwash sites, and 1 through 5 in all other cases, 

and fertilization/tilling treatments combined) by year of 

planting. P71 , etc. = planted in 1971, etc. 

Figure 16. Black spruce (bS): mean annual height increment:, lsC 
Chrough 4th growing seasons after outplanting, and mean 

docal height after 4 growing seasons, over all (site, 

sequential plantings 1 and 2 for the P71 till site, 1 

through 4 for the ?71 outwash sites, and 1 through 5 in all 

other cases, and fertilization/tilling treatments combined) 

by year of planting. P71, etc. = planted in 1971, etc. 

Figure 17. White spruce (wS): mean annual height increment, 1st 

through 4th growing seasons after outplanting, and mean 

total height . after 4 growing seasons, over all (site, 

sequential plantings 1 and 2 for the P71 till site, 1 

through 4 for the P71 outwash sites, and 1 through 5 in all 

other cases, and fertilization/tilling treatments combined) 

by year of planting. P71, etc. = planted in 1971, etc. 
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4.221 4.221 1971 OUTPLANTINGS (P71) 

In terras of survival, the effect of site should be most strongly 

expressed in the early sequential plantings, survival in Che later ones 

becoming increasingly affected by the deteriorating condition of the 
planting - stock. Looking, 

outplantings of 1971, we 

treatments combined) ranged from 76.5% to 41.4% (Table 6). 

tion between the P71 sites 

curred between years. 

therefore, at the first and second sequential 

see Chat fourCh-year survival (species and 

This varia-

is quite as much as the variation which oc-

Table 6. Survival (spsciea and :reaCaen:3 contained) anonj ?7! stock one and faur growing 

3easoti3 a:-.er 0ue3lar.ti.n3, for Che first and second sequential plantings, by 

site. Uishin coluana, values do noc differ 3Lj:ii£ icant ly (? .05) by chi-squaca 

fourth-year Averaged over the firsC two sequential" plantings, 

survival was 65.0% and 53.4% on the P71 outwah i 

till. There was, over all, an average decline of 15.4% in survival 

the first Chrough the fourth year. The decline was least (5.6%) on Che 
till site and approximately equal (18.8% and 19.3%) on the outwash 
sices. 

sites, and 46.8% on the 

from 

Growth performance of P71 stock over all (species, sequential 

planCings 1 through 4, or, in the case of the P71 till site, plantings 1 

and 2 only, and treatments combined) varied significantly (? .05) 
between sites. 

The variation between sites in mean annual height increment was 

greater in P71 stock (Fig. 13) than in stock ouCplanted in 1972 or 1973, 

and the differential widened as time progressed through the four-year 

period under review. The fourch-year differentials are greatest, not 
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till 

r? 
Si 
plantings. 

4.222 19?Z OUTPLANTINGS (P7S) 

FUst-year survival data for the 

collected because of resource J^t-tUn. 
83.4% (species and treatments 

sequential plantings) was sign 

(55 1%) . I" contrast 
in 

«-« 

2 plantings could not be 
J survival, viz. 

F / che first Cwo 

fcV« tfcaa In the P7l 
lan?iQgBl there were no 

4.222 

Table 7. 
(specie, »a «..«.«. 

seasons a ... .. 
th. ^ 

Sequential 

planting 

no. 

a Outwash site 

b Till site 

dition 

nir£ 
of the P72 planting stock. 

£hrough 
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Figure 13. ?7i plantings: mean annual height Increment, 1st through 
4th growing seasons after outpacing, and mean total height 
after 4_ growing seasons, over all (outwash sites, soecies 
sequential plantings 1 through 4, and fertilization treat 
ments combined). Dalton data are for sequential plantings I 
and 2 only and exclude annual increments, values for which 
were obtained by retroactive and therefore 
unreliable measurement. ?7l = planted in 1971, 

somewhat 

between sites, wm much less variable th3n in outplantings of the prev 
ious year (cig 19). In the fourth-year height increment, a difference 
o£ less than 3 cm separated the greatest (on Che Mooseskull till) from 
he least Con the C East_ outvash). The C West outwash site and the t U 
site differed only margmaUv in terms of faurth^yeat height increment 
ana were virtually identical with respect to cot*! hei/ht after rour 

between 

here is 

Dutvash 

gravel 

out-
Thus again, the greatest differential was between Che two 

wash sues (which in this case He only a couple of hundred 
apart, on either side of a small kettle lake, cf. Fig. 2B), rathe 

a,d till si.es. Perhaps the m,jor contributing factor 
content variation in che outwash soils, high contents 

tending to accentuate any deficiencies in soil moisture and nutrients 
and .ending also to make firming more difficult during the g 



41 

20 

P72 BLOCK C EAST, BLOCK C WEST, 
MOOSESKULL 

72 73 

YEAR OF OBSERVATION 

»■ 

70-

bined). = planted in 1972 

4.223 

s (71. 55 

4.223 

outwash site (Table 8). 

A nvar the f^csC two sequential plantings, fourth-year 

till. There was an average decline ot U.O^ °v,r an 



42 

the first growing season through the end of the fourCh year. The de 

cline was least (7.2%) on the till site, as in the P71 series, and about 

twice this (10.0% and 15.5%) on the out:wash sites. 

The P73 mean annual height increments (Fig, 20) show a pattern 

similar to that exhibited in the P71 series on the- same suite of sites. 

The fourth-year spread in height increment, as in the P71 series, was 

widest between the two outwash sites, rather Chan between the till and 

the outwash sites, and the Dalton till (with the P73 data based on the 

same number of sequential plantings as the outwash sites) was intermed 

iate. Growth on the Fawn outwash site was again superior to that on 

the Budd outwash site: fourth-year height increment over all was almost 

50% greater at Fawn than at Budd. In terms of total height four years 

after outplanting, growth at Fawn was 34% greater than at Budd, the till 

site again being-intermediate in this regard. 

table 3. Survival (species snd treatments ccnbined) aaong ?73 stock ac Che end 

o£ the Eirse (1973) and fourth jrouing seasons aficer outplancin;, Ear 

the first and aecand sequential plantings, by site. Ho significant 

(? .05) differences by chi-square tisc vithin sither colinnns qr ro«s. 

Survival 

Sequential Budd3 ;av.Ti3 DaLton-1 Sites over all 

planting ————■— . ■ — 

no. 1st yr 1th yr 1st yr 4th yr 1st yr 4ch yz isc yr 4th yr 

(Z) (2) (X) CX) CS) (!) U) (I) 

a Ouc-jash site 

° Till site 

Thus the results from oucplantings in all three years of estab 

lishment show significant differences between sites that are superfi 

cially extremely similar to one another. For instance, two sites of 

greater apparent similarity than the C East and C West outwash sites of 

the P72 series would be hard to find. However, these sites gave highly 

significantly different resuIts during Che first four years after out-

planting. The gravel content of outwash soils, especially in times of 

soil moisture deficiency, may be a major factor: it can certainly be 

expected to influence the quality of planting through its effect on 

packing of soi 1 and firming, and it does influence soi 1 nutrient con 

tent and concentration (Sutton 1979a). Daca from years subsequent to 

the initial four-year period will, in a future report, show that growth 
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?73 plan'ings: rcean annual height increment, Isc through 
4th c-owin- seasons after oufcplanting, and mean total neignt 

after 4 -rowing seasons, over all (site, species, sequential 
plantings 1 through 5, and fertilization/tilling treatments 

combined). P73 = planted in 1973. 

rates en till sites achieve superiority soon thereafter, but duriag the 
first four vears (especially when ar.y combinaCion of poor quality stock 
o/hi-hly s'cressEul outpUnting conditions is involved), better pertor 
nanae has been achieved on some outwaah sitas o: lew fertility chan on 
nore Eertils till sites, A poinC worth emphasising La Chat site^rep 
aracion on the till sites produced a much higher proportion or ur.yavov-

Oble micrositas for placing than did site preparation on Cha oacwash 
sites not bv design, of course, but because of the grsater difficulty 
Of operating' on boulder? soils with bedrock close to the surrace in 

places, and with much greater variation in topography than was the case 

with outwash sices. 

4.23 SPECIES 

the Eirs£ lour Jack pine clearly outperformed the spruces during 

years after outplaniring. Fourth-year survival over all (combining year 
of planting, sites and treatments) was significantly (? .0 . . -: 

jack pine than in the spruces (Fig- 21). 

When separated by year of planting, the fourth-year survival 

for both the P72 and the P73 plantings show the same superiority 

of'iack pin-, pspecially in the fourth and fifth sequential plantings of 
data 

4.23 
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Figure 21. Fourth-year survival over all (site, year of planting, and 
fertilizacion/tilling treatments combined) by sequential 
planting and species: jack pine <jp), black spruce (bS), 

and white spruce (wS), Within sequential plantings, sur 
vival rates differ significantly (P .05) by chi-square test 
only when separated by the symbol #. 

1972 and the third through fifth plantings of 1973 (Fig. 22). The P71 

data, which show jack pine as generally intermediate in overall survival 

between the tvo spruces, are undoubtedly vitiated to some degree by the 

excessively poor quality of the planting stock, and should be largely 

discounted in favor of the results from the second and third years of 

plant ing. 

Further separation of the P7 2 and P7 3 data shows that in all 

three species fertilization at Che low rate decreased survival, and fer 

tilization at the high rate decreased it still more (Fig. 23). The in 

creased mortality at the high rate of fertilisation is remarkably 

similar for all three species when expressed as a ratio of the in 

creased mortality at the low rats of fertilization (Table 9). Thus, for 

example^ the value 6.3 shown in Table 9 under the first sequential 

planting of jack pina in 1972 is derived as follows: the ratio of 

the extra 23.2% mortality that occurred in the high fertilizer treatment 
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Figure 23. Fourth-year survival U P72 and P73 plantings (sites com-
bmed) by fertUization treatment, sequential planting and 
•P«£«J J«ek pine (jP), black spruce (bS), and 
spruce (wS). Low fertilization Creatment (Lo) i 43X 

(Hi) double Che lowrate. ?72, etc. = planted in 1972, 
BCc. Within sequential plantings, survival races differ 

? ^ ^ £ -parated 
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Table 9. 
ased »rt*lity at the high rate of fertilisation 

^ ratio of increased mortality at the Low ra.e o. 
fertilization (See also Fig. "J 

Year of 

planting 

1972 

1973 

Species 

bS 

wS 

bS 

wS 

Sequential planting 

Table 10 
Correlation coefficients for specie, -rtali<* 
series of nine sequential plantings, by J-"1 
raent (years of planting and sites co^inea). 
cients highly significant. 

Not fertilized 
Fertilized 

low rate 

All £H-

Fertilised 

high rate 

The strength of these relationships suggests a common response 

over allX Kto. species to the factors controlling survival. 

-rowth o 
jack pine was several tiir.es that 

hih f jk pine /our 
spruces Uig. ■"*/, and the 

396StoS6?i"times that shown by black ^PJu«^f^ 
shown by white spruce (j-able It) • 

black spruce and white spruce on Van 
d-monstrated by Hullin and Reffle 
4924, 1669, and 1397 pt/ba for jack pine, black 
respectively, 5 years after planting. 

pine was se of the 
total height of jack pine /our growing 

lt height o£ 
;iican tavi.-- ---a-- -^ - . 

represented increases over planting height o 
'■• co 5.8 times that 

of iack pine over 

aggregate 

and white spruce 
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Figure 24. Mean annual height: increment, 1st through Ath growing sea 

sons afcer outplanting, and mean total height (a) at plant 

ing, and Cb) after 4 growing seasons, over all (sites and 
fertilisation/tilling treatments combined) by year of plant 
ing and species: jack pine (jP), black spruce (bS), and 
white spruce (wS). P71, etc. - planted in 1971, etc. Based 
on sequential plantings 1 through 5 except for P71 outwash 

sites (plantings i through 4) and P71 till site (plantings 1 
and 2 only). 
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Table II. Mean total height of surviving trees four growing seasons 

after outplanting, absolutely and as a percentage of height 

at planting (sites and treatments combined), by species and 

year of planting. Based on sequential plantings 1 through 5 

except for P71 outwash sites {plantings 1 through 4) and P71 

till site (plantings 1 and 2 only). 

Diseases and insects are often species-specific or show strong 

species preferences. Inevitably, the influence of these in such a study 

as this affects some species and some sites more than others, or at dif 

ferent times, thus confounding comparisons. The spruce budworm, already 

mentioned, provides the prime example of such an occurrence in the pre 

sent study: in the area affected, white spruce were damaged more than 

black spruce, although injury to the latter was considerable (Fig- 25). 
Jack pine was not affected. The white spruce were particularly suscep 

tible to iniury, partly for phenological reasons, partly because of lar 

val feeding preference, and partly because of the small size and low 

vigor of most of the trees (especially on the outwash sites, where the 

soils are of low fertility, and where spring frosts severely damage 

white spruce virtually every year). Other agents, e.g. , the pitch 

nodule maker (Petrova albicapitana Busck), affected only jack pine but 

tended to be diffusely distributed over the study areas, although sweet-

fern blister rust (Cvonartiim aomptoniae Arth.) was confined to the 

Chapleau group of sites. 

Data are lacking for comparisons other than on the basis of sur 

vival and growth, but a brief comment may be made on the relat ive 

ability of species to retain foliage when stressed: white spruce was 

superior to black spruce (Fig. 26) in this regard, not only in the P71 

plantings (when the black spruce stock showed every sign of having be 

come overheated during storage or transportation before it arrived in 

Sault Ste. Marie for cold storage), but also in the P72 and even in the 

P73 plantings (when the white spruce stock had been extensively winter-

browned in the nursery). In this connection, it should be noted that 
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Figure 26 

Black spruce, P73 Fawn, h days 

after planting on 14 July, 1973: 

note poor needle retention. 

Figure 25 

Budworm larvae feeding on elongating 

leading shoot of P71 Faun black spruce 

on 18 June, 1975. 
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non-frozen cool storage of spring-lifted stock is now recommended opera 
tionllly in Ontario, but the present study proviaes no evidence as to 
wnethe the avoidance of frozen storage alleviates the problem of needle 
drop i" black spruce. Jack pine also lost foliage, especially in the 

later P71 plantings. 

Of the three species outplanted in these studies, jack pine 
showed the furthest deviation from natural form, i.e. the usual 
s^ght-ste^ed for, of naturally regenerated stock it,til* |g»»l 
<tudv area The greater the deterioration in the apparent quality of 
stock at hfi time of planting, the greater^the difficulty the so, 
eled to have in achieving the tropistic adjustment DMMitlT to pro 

duce straight stems. The problem may relate to reduced tree stabiity 
Of outplan'ted as compared with seeded trees, but again, this study 
yields only speculative observation on this point. 

4.24 

4.24 SEQUENTIAL PLANTING 

The results show clearly that survival rates in the first two or 
three sequential plantings were fully satisfactory, notwithstanding the 
doub Equality of some%f the planting stock. The results from he 
P72 Block C West and the P73 Budd outwash sites are typical: here 
fourth-year survival rates over all (treatments combined remained above 
6^ for the first three sequential plantings for all three species 
(TTio 27) For the control (untreated) condition, survival rates re 
mained above 75% for all three species in the first three sequentia 
plantings (Fig. 28). Beyond that, however, survival rates declined 

sharply. 

Growth and survival rates were highly correlated in the present 

study as in many others (cf. Hermann 1962, 1964, Mullin 1974a b, etc. 
The lower the survival rate within a plantation, th, poorer the growth 
of the survivors. As the planting season was extended, the growth 

(Fig. 31). 

All species/site combinations within years clearly show the 
effect which may be illustrated by the results from the P72 outplant-
tllT- Tack pine C*ig. 32-34), black spruce (Fig. 35-37), and white 
c/n,;, Cpia 38-40). The relationship between decline in performance 
and increasing lateness of planting is thus strong and very consistent. 
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Figure 23. Fourth-yeac survival In plantings on P72 Block C West and 
P73 Budd out:wash sices (untreated controls only) by sequen 

tial planting and species: jack pine (jP) , black sprues 

(bS), and -Jhite spruce (wS) . P72, etc. = planted in 1972, 
sec, Within sequential plantings, survival rates differ 

significantly (? .05) by chi-square test only when separated 

by Che symbol :}. 
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The present study provides no evidence as to whether or not the 

first or second sequential plantings have performed significantly dif 

ferently from outplantings during Che conventional planting season. The 

conventional planting season studies referred to in the Preface do not 

provide directly comparable results because site preparation in those 

studies was entirely different. Turcotte'- found that severe windrow 
scarification, obtained by angle-blade bulldozing down to mineral soil, 

depressed the growth of conventional white spruce outplants between the 

windrows. Nevertheless, there is no doubt that the results from the 

first and second sequential plantings are much superior to those 

achieved in operational spring plantings of bare-root stock in northern 

Ontario (cf. Scarratt and Reese 1978) for plantings from 1966 through 

1971. 

4.241 4.241 SEASON OF PLANTING 

Some elaboration on the introductory discussion of silvicul-

tural seasons of planting would seem to be appropriate at this juncture. 

In the context of regeneration silviculture, the terms "spring", 

"summer", and "fall" are used loosely. "Spring", for instance, is sel 

dom if ever intended to indicate the period that begins with the vernal 

equinox and ends.with the summer solstice. Rather, "spring" almost al 

ways refers to an indefinite period that begins when vegetation emerges 

from winter dormancy and begins to grow. The usage is exemplified by 

Leslie's (1945) statement that "the trees stored at Guelph were removed 

in the early summer and planted... during the regular spring season." 

In practice, in the boreal and sub-boreal forest regions, the 

season of spring planting with fresh, bare-root stock begins as soon as 

planting stock can be lifted in the nursery after the soil has thawed. 

It continues until the spring planting program has been completed, often 

without regard to weather. The duration of the spring planting season, 

therefore, depends on the size of the program and the size and produc 

tivity of the labor force employed to carry it out. An upper limit to 

the size of a spring planting program is usually established by a deci 

sion, taken one or more years earlier and based on an educated but arbi 

trary guess, as to how much planting can be carried out before the 

flushing of planting stock is Far advanced. 

The "fall" season of planting is likewise of indefinite dura 

tion, and it, too, lacks definite characterizing criteria. It is gen 

erally considered to begin when soil moisture reserves have been replen 

ished by autumnal rains and the nursery stock has hardened off. The 

1 Turcotte, A.J.P. 1976. Effect of severe windrow scarification on 
white spruce two years after planting. Lakehead Univ., Sch. For. , 

4th-year thesis (undergraduate), 11 p. + appendices. 
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fall planting season extends until the planting program has been com 

pleted or until it is terminated by freeze-up or heavy snow (cf. Revel 

and Coates 1976). 

4.242 PLANTING SEASON AND OUTPLAST PERFORMANCE 4.242 

Before suggesting what might be done to extend the planting 

season, let us consider what has already been achieved with conventional 

planting practices. A point to be kept in mind throughout these discus 

sions is that more or less prolonged periods of weather inimical to out-

plant survival and growth may occur at any time of year and may be a 

major factor in determining the outcome of any given planting. Sim 

ilarly, the weather on any given day may determine the course of events 

in an outplantation for a rotation (cf. Hullin 1971). Also, it must be 

re-emphasized that an experiment, even when replicated in three consec 

utive years, represents but a small climatic sample from which to draw 

general conclusions (Sinclair and Boyd 1973). 

4.2421 Conventional Spring Planting 4.2421 

In the temperate snd boreal regions, spring planting is normally 

preferred. The preference is based in part on the assumption that at 

this time of year a plentiful supply of soil moisture for newly planted 

stock is assured. In the boreal forest, snowmelt normally replenishes 

the soil's moisture reserves. The growing season is then just about to 

begin, and the planting stock is physiologically attuned to this, not 

least because of appropriate day-length progression. Also, the outplant 

has the whole of the growing season in which to establish a root system 

before it is subjected to frost heaving. 

However, the driest part of the growing season commonly coin 

cides with the conventional spring planting season in the climatic pro 

vince that encompasses the studies here reported, as well as in the 

adjacent Clay Belt of northern Ontario and western Quebec (Derrnine 1965) 

in terms of both amount of precipitation and numbers of days with rain 

fall of 2.5 mm or more and of 12.5 mm or more. The conventional spring 

planting season of 1972 was particularly dry in the Manitouwadge area. 

Springlike weather in the boreal and sub-boreal forest regions 

may last for all, most, or little of the spring planting season. The 

transition from winter to summer conditions may be continuous or not, 

and slow or rapid. In the Chapleau area in 1972, for instance, the 

absolute maximum for the year (3O.6°C) occurred during the conventional 

spring planting period in May, although the absolute minimum of the 

previous month had been - 30.3°C. Especially in areas that experience a 

continental climate, the period of springlike weather is unreliable and 

often short (LeBarron et ai, 193S, Tourney and Korstian 1942). 
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The spring plane ing period is of course far from homogeneous, 

quite apart from the vagaries of year-to-year variation in weather. All 

of the major growth factors show temporal variation. Daylength, air 

temperature, soil temperature, soil moisture, relative humidity, 

development of competing vegetation, and the physical and physiological 

condition of planting stock all vary during the planting season. Late 

spring planting has commonly given results that are inferior to those of 

early spring planting (Show 1930, Hawley and Smith 1954, Schubert and 

Adams 1971), but there are exceptions (Sutton 1968, Mullin 1971). 

The cextbook ideal is to complete spring planting with "dormant" 

stock before U flushes and becomes "active" (Kostler 1956) and thus un 

suitable, both physiologically (because of increased water requirements 

and decreased root growth capacity) and physically (because of increased 

vulnerability to mechanical injury). Tourney and Korscian (1942) ad 

vocated the planting of stock in the spring one or two weeks in advance 

of bud swell. That operational spring planting is normally carried out 

with dormant stock, however, is a myth, at least in Che case of spring 

lifted stock. Such stock is commonly growing actively when lifted 

(Jorgensen and Stanek 1962, Stiell 1976), and, indeed, the trees are 

metabolically active in the spring, long before the tops show signs of 

growth (Ryker 1976). Performance after spring out pi ant ing is commonly 

highest in the stock lifted earliest (cf. Ackerman and Johnson 1962, 

Mullin 1971, and Mullin and Reffle 1980), provided that soils are moist 

and warm enough to support vigorous root growth. 

Plant ing can in fact be undertaken too early in the spring. In 

this regard, the importance of soil temperature must not be under 

estimated. Wet or clayey soils, or those which have a thick surface 

layer of organic matter, tend to warm up slowly in the spring. Mortal 

ity may be very high among trees that have been planted in such soils 

while the soil is still cold, say <6DC (Sutton 1968). Root growth and 

the uptake of water and mineral nutrients are inhibited by cold soil 

(Sutton 1969, Daniel et al. 1979). 

The variability in the results within a spring planting period 

is well illustrated by those obtained by Mullin (1971) with 3+0 white 

spruce from regular shipping beds in sequential plantings, using fresh-

lift, quick-plant procedures, on an old field site that was plowed and 

disked one week before the first planting. In this experiment, con 

ducted at Midhurst in southern Ontario, the spruce were lifted and "hot" 

planted (on the day of lifting) after 0, 1, 2, or 3 hours of root ex 

posure, with and without root dipping. Weekly planting for six weeks 

beginning on 3 May extended the lifting and planting "beyond that con 

sidered usual for this area". Second-year survival of trees in the con 

trol treatment averaged 80.3% over the six plantings, but the third 

planting gave only 66.5% survival. Mullin noted that this drop in sur 

vival had no apparent correlation with levels of soil moisture, soil 

temperature, or relative humidity, but that it coincided with the period 
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An earlier study in Colorado with three species, including 

lodgepole <Pine (Pinus aontovta Dougl.) and Engelmann spruce (Piaea 

engelmannii Parry), similarly indicates loss of performance among fresh 
lift, quick-piant sCock outplanted near the end of the spring planting 

season (Simon 1961). Weekly plantings were carried out from 6 April to 
11 May, and Simon found that, although bud swelling in the pine began 

between the second and third plantings, lodgepole pine survival re 

mained high until the sixth planting, when it dropped to less than half 

of what it had been earlier. Survival among Engelmann spruce declined 

materially in the sixth planting, 10 days after the onset of bud swell 
in that species. 

Nevertheless, conventional spring planting has not always been 

accepted universally. LeBarron et al. (1938) noted that, in the Lake 

States, "by far the greater part of the planting done has been carried 

on in the fall", although a survey of older plantations in Michigan, 

Wisconsin, and Minnesota showed that spring plantings had "generally re 

sulted in higher survival". They noted further that another analysis 

of the then recent National Forest plantations in the same states gave 

Che same result, with survival differences in favor of spring planted 

jack pine, white pine (pinus Stvohus L.), and white spruce, ranging from 
952 Co 27£ 

The disfavor with which spring planting is regarded in southern 

California is more solidly founded. In regions with a pronounced dry 

season following a wet autumn and winter, spring planting is less suc 

cessful than fall planting because the long dry season so closely fol 

lows spring planting that any root development occurring before Che dry 

season begins is insufficient to enable Che trees Co survive (Tourney and 
Korstian 1932). 

4.2422 4.2422 Conventional Fall Planting 

With some reservations, one can accept Tourney and Korstian1s 

(1942) view thac "[o]ften the only excuse for autumn planting is when 
operations are conducCed on a large scale and the necessary planting 

cannot be completed in spring". For, although soil moisture levels and 

soil temperatures may be just as favorable for plant growth in the fall 

as in the spring (LeBarron et al. 1938), these are by no means Che only 

factors of importance. A major long-recognized disadvantage of fall 

planting is that root systems have little time to become firmly anchored 

before they are, on certain sites, subjected to frost heaving (Hawley 

and Smith 1954). In the Lake States, experience has shown that fall 
planting is best confined to very sandy soils that are not subject to 

frost heaving (Rudolf 1950). Insecurely established trees are also 

highly susceptible Co winter browning, which may in fact occur in Che 

fall soon after outplanting, especially among stock with high shoot:root 
ratios. 
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Surveys in North America, comparing the results of operational 

spring planti'ngs with those of operational fall plantings, have gen 

erally revealed spring planting to be superior (cf. LeBarron et al. 
1938 Schopmeyer 1940). Fall planting of bare-root stock is no longer 
practised in eastern Ontario (Campbell 1977) and has been discontinued 
or greatly reduced in other parts of Ontario because of low survival 
rates. Campbell (1977) noted that "terrible losses" had been expe 

rienced with fall planting, even with freshly lifted stock in years of 
seemingly favorable weather, and with good planting chances. What 
Stiell (1976) wrote in regard to white spruce well describes the general 
planting situation in boreal Ontario: "Fall planting is considered less 
reliable than spring planting, owing to the risks of frost heaving, par 

ticularly on bare and heavy soils..." 

The importance of physiological condition of planting stock has 

been recognized for more than 30 years (cf. Wakeley 1948), but in spite 
of sterling work by Stone and his co-workers (cf. Stone 1955, Stone et 
al 1962, etc.) and others, general appreciation of this factor was slow 

to develop. There now seems to be wide acceptance of the fact that the 
requirements for successful planting must include all the terms enun 

ciated by Ryker (1976): "trees that are physiologically capable of re 
sponding' to a growth environment at planting, a good planting job, and 

planting when site factors favor tree survival and growth." 

In particular, the critical influence of the date of fall lift 
ing is coming to be appreciated. The physiological state of a tree is 

determined by webs of interrelationships between day length, degree 

days, nutrition, internal water status, carbohydrate reserves, and plant 
growth regulators (Sutton 1979b). Research consistently shows that pro 

per physiological condition, particularly dormancy, has a decisive 

effect on planting success (Cleary et al. 1978), and unless root growth 

capacity is adequate, outplants will perform poorly or die. Completion 
of dormancy requirements is necessary if subsequent impairment of root 

growth is to be avoided, at least in Douglas-fir (Pssudotsuga menztesvv 

[Mirb ] Franco) and ponderosa pine (Pinus pondevosa Laws.) (Lavender and 
Cleary 1974), and probably in other species. The attainment of suit 
able physiological condition varies greatly with species, provenance, 

cultural treatment, season, and environment. The process begins at dxt 

ferent times, proceeds at different rates, and reaches given levels at 
different times, depending on circumstances. Many of the remarkable 
differences in outplant performance between trees lifted at different 
times during the season, or lifted at the seme time from different nur 
series, may be explained on the basis of the dormancy process and phys 

iological condition (Lavender and Cleary 1974). The variability of the 
results obtained with fall planting has been widely reported (cf. 
Schopmeyer 1940, Sinclair and Boyd 1973, Stiell 1976). 

Interruption of the dormancy process at an early stage by fall 

liftin- is thus a probable major cause of the disappointing results that 
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have so often attended early fall planting, especially of pines (Baldwin 

1938a, Sinclair and Boyd 1973) . Another factor affecting early fall 

lifting/planting is that the trees have a smaller mass than do trees 

lifted late in the fall or in the following spring (Mullin 1968, Bunting 

1977). In southern Ontario, the increase in dry weight of a tree in the 

nursery between September 1 and the following spring may be as much as 

100% (Bunting 1977). In a study at St. Williams Nursery (42"40'N) in 

southern Ontario, Armson (1960) found that 1+0 and 2+0 white spruce were 

only half-grown by late August or early September: there was no ev 

idence of a seasonal periodicity of absorption for nitrogen or potas 

sium, but for phosphorus there were two periods of high uptake rates, 

one early in the growing season, the other in late August and September. 

The desire to minimize the drawbacks of fall planting by pro 

longing the time available for root establishment led to the seemingly 

logical view that, with adequate soil moisture, the sooner outplanting 

is carried out in the fall, the warmer the soil, the better the root 

growth, and the longer the period for root establishment before the on 

set of winter. The logic fails in the face of physiological realities. 

If not early fall planting, then what about late fall 

planting? As in the present study, the possibility may be entertained 

that late fall planting might have the effect of merely placing the 

planting stock in natural cold storage for the winter, with flushing 

taking place the following spring. To be successful, however, this 

would no doubt require the use of good late-lifted stock, good planting, 

continuous snow cover from soon after planting until just before the 

onset of growth in the spring, and minimal frost heaving. The 

unreliability of fall weather and the variability of snow-cover patterns 

would make this system exceedingly difficult to use operationally, even 

if its practicability were otherwise demonstrated. 

Experimentation to compare fall with spring planting has tended 

to support the indications given by the surveys. For example, Sinclair 

and Boyd (1973) found that in Idaho, under the conditions of their 

study, spring plantings of Douglas-Fir, Engelmann spruce, grand fir 

(Abies grandis [Dougl.] Lindl.), and western larch (Larix oaaidentalis 

Nutt.) had an overall survival advantage. They found wide variation in 

survival rates within the fall planting season, survival in some of the 

fall plantings exceeding average spring survival rates. Spruce planted 

early in the fall and larch planted late in the fall exceeded by "wide 

and fairly consistent" margins the average survival obtained with 

spring planting. In the Lake States, LeBarron et al. (1938) found that 

"by far the most striking result of the experiment [with 2+0 red pine 

(Pinus rssinosa Ait.)] was the higher survival of the spring-planted 

trees" coapared with fall-planted, 662 vs 33% in the spring following 

the first growing season in the field. And, with 2 + 1 jack pine in 

Ontario, Bunting and Mullin (1967) found that, although mortality at the 

end of the first growing season seemed to indicate that fall planting 
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had been almost: as successful as spring planting, Che reassessment^after 

15 years showed that the growth of spring planted trees had been signif 

icantly superior. 

Strong species differences are evident in the results obtained 

with fall planting. One useful generalization that can be made is that 

the hard pines often show much lower survival rates when planted in fall 
than in spring: they "obviously never should be planted in the fall" 
(Baldwin 1938b). Another generalization is that spruces^ often show 

little difference in survival between spring and fall plantings. Thus, 

Baldwin (1938b), in studies with white spruce, red spruce (Picea r-ubens 
Sarg.), Norway spruce (P. abies [L.] Karst.), red pine, white pine, 

Scots pine (Pinus sylvestris L.), and balsam fir, found that spring 

planting averaged about 10% better survival and 7% better growth than 

fall planting. Most of the difference, however, resulted from the poor 

showing of the hard pines in fall plantings: survival araotig red pine, 
for instance, was twice as high in spring planted stock as in fall 

planted stock. White spruce and Norway spruce, in contrast, showed 

little or no difference between spring and fall plantings. Red spruce 

gave very slightly better results when planted in spring than when 

planted in the fall. Mullin (1968), too, found little difference 

between spring and fall plantings of white spruce and black spruce "in 

contrast with the [fifth-year] results for red pine and white pine [a 
soft pine], which performed significantly better in spring plantings". 

The wide variability commonly exhibited among fall plantings 

suggests that "much of the performance of fall-planted trees depends 

upon their physiological condition at the time of lifting and planting, 

as well as environmental conditions at the planting site" (Sinclair and 

Boyd 1973). The external signs of development in young trees are less 

spectacular in the fall than the phenomena of bud burst and shoot 

development in the spring, but profound physiological changes neverthe 

less occur in response to shortened phot operiods and cooling temper 

atures , as well as to changes in water and nutrient relations. In 

Douglas-fir, at least, sensitivity of planting stock to root exposure 

decreases through the fall to reach a minimum in winter, apparently in 

concert with physiological changes as trees go through their dormancy 

sequence (Hermann 1967). The physiological changes in^ fall may take 

place rapidly; in red pine, for instance, a difference in lifting date 

of only a week or two in the fall can determine success or failure 

(Bunting 1977). 

With increasing knowledge about the physiological behavior of 

boreal species of planting stock, including the determination of root 

growth capacity relationships (cf. Day and HacGillivray 197 5, Day et 

al. 1977, Sutton 1979b), the option of conventional fall planting in the 

boreal forest may become much more attractive to forest managers. 
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4.2423 4.2423 Planting Season Extension 

To begin Che boreal spring planting season with bare-root: stock 

earlier than currently practised is scarcely possible because of frozen 

soil, snow, or excessive moisture during the spring runoff. The fall 

planting season is effectively terminated by freezeup and snow. Thus, 

the only part of the year into which the planting season(s) may feasibly 

be extended is the period between the end of spring planting and the 

beginning of fall planting. This period (during which planting stock, 

if freshly lifted, would be well advanced in flushing or completely 

flushed but not hardened off) may be referred to as the "summer" season, 

just as "spring" and "fall" are used as terms of convenience to desig 

nate the two conventional planting seasons. 

With respect to bare-root planting, the stock may be fresh or 

cool- or cold-stored before planting. 

4.24231 4.24231 Fresh-lifted Bare-root Stock 

Probably the simplest way to conceive of extending the planting 

season is to begin with conventional spring planting, then continue 

lifting and outplanting until the planting program has'been completed. 

This has been done with remarkable success, at 'least with some 

of the spruces. Revel2 has stressed that summer planting requires local 
transplant nurseries (not more than two hours' drive to the planting 

site), careful handling, and "hot" planting (not more than three days 

between lifting and planting, and preferably the same day.) 

4.242311 4.242311 Spruces 

Crossley (1955), working with white spruce (Piaea glauaa 

[Hoench] Voss var. albevtiana [S. Brown] Sarg.) in Alberta's Subalpine 

Region (Rowe 1972) , conducted fresh-lift/quick-plant outplant ings 

throughout three consecutive growing seasons. Fifth-year results, re 

ported by Ackerman and Johnson (1962), showed that mortality 

(Table 14) was low, exceeding 25% in only one of the i8 plantings. The 

average fifth-year survival for the three years of plantings decreased 

steadily with increasing lateness of planting from 97.0% in May plant 

ings to 80.4% in October. Mean total height increments declined in sim 

ilar fashion (Table 15). Ackerman and Johnson (1962) concluded that 

white spruce could be planted successfully throughout the frost-free 

period in the Subalpine Region, provided that planting programs are suf 

ficiently flexible to avoid planting during extended periods of 

drought. 

2 J. Revel, 1981. Planning Coordinator, Silviculture, British Columbia 

Forest Service, Prince George Forest Region (personal communication). 
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Table 14. Mortality among white spruce, 5 years 

after outplanting, by year and month 

of planting. (after Ackerman and 

Johnson 1962) 

Year of planting 

Month of planting 1952 1953 1954 All 
(%) (%) (X) U) 

^ 2.7 2.1 4.5 3.0 
June 3.9 13.4 4.2 7.1 

July 1.2 8.9 19.6 9.8 
August 5.1 24.7 9.2 13.1 

September 5.6 19.6 21.1 15.5 
October 8-0 13.7 37.2 19.6 

All 4.5 13.7 16.4 

Table 15. Mean total height increment of white 

spruce through the 5th year after out-

planting, by year and month of planting 

(after Ackerman and Johnson 1962) 

In interpreting these results, however, one must keep in mind 
that none of the three years in which outplantings were carried out was 
unusually dry. Also, the planting stock that was used was 3+3 m the 
1952 plantings, 3+4 in 1953, and 3+5 in 1954, and, by grading, stock for 

all three years had the same initial top height (25-28 era). The delay 
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between lifting and planting was minimized, thus sparing the stock much 

of the stress that would normally be experienced in operational 

plantings. 

Plantings in British Columbia with fresh-lifted white spruce on 

three different dates during the summer of 1957 were also highly suc 

cessful, according to Decie (1962, cited by Revel and Coates [1976]). 

The results obtained by Bur gar and Lyon (1968) wih 2+2 white 

spruce in northwestern Ontario support these findings. Fresh-lift/ 

quick-plant stock showed survival rates mostly in excess of 90% for 

plantings in 1964 from early spring through to fall freezeup. Survival 

rates dipped briefly to minima of 77% during the periods of active shoot 

elongation and bud formation. Survival at the end of the 1966 growing 

season averaged 94% for the first four sequential plantings (which may 

be considered spring planting), 81% for the last four sequential plant 

ings (which may be considered fall planting) , and 90.5% for the six 

intervening "summer" plantings. The height growth of the summer planted 

trees differed little from that of trees planted in the spring, and it 

was superior to the height growth of fall planted trees, even though the 

latter had the supposed advantage of having become 2+3 stock during the 

course of the growing season. Burgar and Lyon (1968) concluded that, 

for fresh-lifted stock, "both spring planting and summer planting...are 

superior in rate of survival as well as in rate of height growth to fall 

planting." Nevertheless, the results of the fall planting are quite 

respectable in themselves and certainly would constitute an acceptable 

supplement to the spring planting program. 

In Mull in's (1971, 1974a) study in southern Ontario, the sixth 

and last of weekly outplant ings of fresh-lifted 3+0 white spruce took 

place on 7 June, later than the normal lifting and planting season for 

that area. Stock was flushing on 17 May, Aspects of the study relevant 

to spring planting have already been discussed under "Conventional 

spring planting". A point of particular interest in the context of 

planting season extension is that survival rates were highest in the 

last of the six outplantings. For trees planted without root dipping, 

second-year survival rates in the last of the six outplantings were 

80% in the control (minimal root exposure), and 83%, 80% and 77% in the 

1-, 2-, and 3-hour root exposure treatments, respectively, values that 

are dramatically higher than the comparable averages for the six out 

plantings over all: 77.2%, 43.7%, 32.3%, and 24.7%, respectively. Root 

dipping improved survival but did not change the picture in regard to 

the very high rates of survival in the last of the sequential outplant 

ings. In terms of height growth, Hullin noted that the second year ter 

minal growth was increasingly though irregularly inhibited by increasing 

lateness of planting, and certainly this is suggested by the data for 

the control stock. For the stock stressed by 1, 2, or 3 hours of root 

exposure, however, height increments in the later outplantings, after 

mid-May minima, increased strongly in the last three successive 
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outplantings (not just in the final outplanting, the only one carried 
out during rain), and approached or exceeded the growth made by trees in 
the first of the outplantings. If survival and growth are taken to-

sether the evidence strongly supports the view that, except xor the 
short period of a week or two during which shoot elongation is most 

rapid, the planting season, for white spruce may be extended into the 

summer with negligible handicap. 

In the Sub-boreal Forest Region of British Columbia, the conven 

tional spring planting season for white spruce extends from mid-May to 
late June. A study reported by Revel and Coates (1976) included out-
Planting rising 2+L white spruce every two waeks from mid-June through 
raid-October in three consecutive years beginning in 1968. Normal 
weather patterns were experienced during the period. Fresh-Uf t/quick-

olant trees after three years of growth showed consistently high sur 
vival for all planting dates. Survival rate, averaged over the three 
years of plantings, was the lowest (90%) in trees that had^ been lifted 
at Che height of the spring flush. Third-year total heights varied 
between 33.2 cm and 28.2 cm and height increments in the third year 
ranged from 12.3 cm to 5.3 cm. In both cases there was a highly signif 
icant trend between decreasing growth and increasing lateness of plant 
in" Revel and Coates noted that problems were encountered with the 
first (mid-June) planting of freshly lifted stock, this being when shoot 
elongation was most rapid, and the new growth was easily damaged. A 
further measurement in the fall of 1979, 11 years after the last plant 
ings, confirmed the earlier predictions of the success of freshly lifted 

seedlings A 

Summer planting of fresh-lifced 2+2 and 3+0 white spruce and 
1 5+1 5 2+1, and 3+0 black spruce was initiated in the Thunder Bay dis 

trict'o'f Ontario in 1962.3 Lifting for such planting begins in the last 
week of July, and the stock must be planted within three days, or after 

mid-August, six days. 

Experimentation by McClain (1975, 1981) has generated excellent 

data with respect to black spruce in northwestern Ontario. Freshly 
lifted operational 2+0 and 3+0 black spruce were outplanted on two 

adjacent sites (one lowland, one upland) in sequential outplantings 

every two weeks from 26 May through 13 October in a pilot project ini 
tiated in 1971 (HcClain 1975). For each of the 11 outplantmgs, 300 
trees were lifted, handled carefully, and planted no later than the day 
after lifting. The lowland area (a clearcut black spruce swamp) was 
planted mainly on cleared strip roads. On the upland area, from which 
black spruce and interspersed aspen and white birch had been clearcut, 

the planting lines followed the furrows created by sharkfin barrel site 

preparation. Four years after planting, survival was significantly 

2 See p. 66 , , 
3 L.M. Affleck. 1972. District Forester, Ontario Ministry of Lands 

and Forests, Thunder Bay, Ontario (personal communication). 
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higher in 2+0 than in 3+0 stock, 67% vs 39% on the lowland, and 67% vs 

54% on the upland. On the lowland, survival rates for the 2+0 stock ex 

ceeded 70% in out plan tings from 26 May through 24 July, and ranged 

between 65% and 40% in out pi ant ings made in August and September: in 

contrast, the 3+0 stock survival rates exceeded 50% in the first three 

sequential plantings only. On the upland, survival among 2+0 stock ex 

ceeded 70% in out pi ant ings from 26 May through July with one anomalous 

exception. The 30% survival rate for the sixth planting (4 August) is 

undoubtedly related to the sustained drought in July-August, and also, 

perhaps, to the very hard frost of 18 August, when a temperature of 

~6.7°C was observed at the nearby Dog River Silvicultural Project Camp. 

The 3+0 stock on the upland site attained survival rates greater than 

70% in the first two out pi ant ings only. The rate of annual height in 

crement, throughout the period of observation, decreased with increasing 

deferment in planting for both 2+0 and 3+0 stock on both lowland and up 

land sites. 

The results of McClain1s pilot study showed the need to inves 

tigate the relationships in considerably more detail, especially in 

relation to yearly variation in weather and planting stock physiology. 

The resulting experiment, replicated in each of three successive years, 

included, as well as stored spring-lifted stock, fresh-lifted opera 

tional rising 3+0 and rising 1.5+1.5 (designated in this study as 2+0 

and 1.5+0.5, respectively) black spruce in 12 sequential outplant ings 

beginning on 20 May. (Careful handling and quick-plant procedures were 

again used.) The planting site, about 100 kin northwest of Thunder Bay, 

had formerly carried intolerant mixedwood Ccf. MacLean 1960), and has a 

loess-capped till soil with a fresh moisture regime. In the year prior 

to planting, the site was prepared by burning. Except for one outplant-

ing, fresh-lifted stock gave fourth-year survival rates in excess of 

90%. Growth of the fresh-lifted stock declined from a maximum in the 

early plantings, but only to the end of July for transplants and the 

first week of August for seedlings (McClain 1979): after this, growth 

was maintained at a constant or slightly increased rate in later plant 

ings. As McClain (1981) has noted, it is impossible to say by how much 

the results that would be obtained with normal operational planting 

practice would differ from these research results: "As the planting 

season progresses, handling procedures and planting [quality] become 

critical to survival and subsequent growth." 

Although summer planting of fresh-lifted bare-root spruces has 

been practised in some parts of northern Ontario at least since 1962 

(Affleck 19723, Latt 1972), the practice is generally uncommon in boreal 
Ontario (McClain 1979). This is surprising in view of the favorable 

indications provided by the considerable weight of evidence outlined in 

this section: "Indications are that freshly lifted seedling or trans 

plant [black -spruce] stock can exhibit exceedingly high survival when 

3 See p. 69. 
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planted throughout the frost free period" provided that the stock is 
properly handled from lifting through planting (McClain 1979). 

4.242312 
4.242312 Ptnes 

With the pines, the situation is less promising. This may be 
one reason that the amount of experimentation has apparently been much 

less than with the spruces. 

Fresh-lifted 2+1 jack pine were used in 13 sequential outplant-

ines in southern Ontario at intervals of about two weeks beginning on 2 
May 1951 (Bunting and Mullin 1967). The trees were usually planted on 
the same day that they were lifted. After 15 years, survival was 89%, 
98% and 98%, respectively, in the first three outplantings: the other 
10 plantings ranged from 78% to 24% and averaged 57.9%. Height after 15 
years averaged 6.04 m over the first three outplantings, 5.47 m over the 

last 10. 

Mullin (1974b) reported on an experiment, begun in 1968, to 
determine the interacting effects on 3+0 red pine of lifting date root 
exposure, and aqueous root dipping. Randomized plots la regular beds at 
Midhurst Nursery in southern Ontario provided replications of stock for 
lifting and planting at weekly intervals for 6 weeks over a period that 
included and extended the regular spring planting season. The first 
lift was carried out as early as possible after frost had left the 
sround. The performance of the red pine was much poorer than that of 
white spruce in the companion study (Mullin 1971, 1974b) already dis 
cussed in the previous section on the spruces. Fourth-year survival of 
red pine in the control condition was between 60% and 70% for the first 
two outplantings, 50% in the third, 15% in the fourth, 50% m the fifth, 
and 43% in the sixth. Survival was strongly correlated with relative 
humidity at the time of planting, but the general downward trend is ob 
vious. Likewise, height growth decreased with increasing lateness of 
planting, although this decline was less pronounced than that found in 

white spruce. 

Sequential outplantings of 3+0 white pine at weekly intervals 

for 10 weeks beginning on 22 April, 1971 extended the local, southern 
Ontario, conventional planting season by several weeks (Mullm 1978a). 

With "hot" planting (i.e., lifting and planting on the same day) Within 
the conventional planting season (up to approximately the fifth plant 
ing on 20 May), the survival rates for control (minimal root exposure) 

stock were "good and quite consistent, but subsequently showed some de 

crease" Mullin calculated that the decrease in survival attributable 
to extended planting averaged about k% per week. Similarly, delayed 
planting accounted for a reducton of about 2.5% per week in total height 

and about 2.0% per week in terminal growth. A better indication of what 
might result from operational practice may be the rates of survival 
averaged over the four (0, 1-, 2-, and 3-hour) root exposure treatments: 
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54.6%, 85.7%, 37.5%, 34.1%, 50.1%, 76.4%, 70.1%, 39.2%, 11 At, and 30.9% 

sequentially for the 10 outplantings: the relative humidity (average of 

the 3~hour exposure period) exceeded 80% at the time of the second, 

sixth, and seventh plantings, and > 53% during all other plantings ex 

cept the last (67%). Mullin (1978a) concluded that for white pine, 

therefore, extended planting with fresh trees can be expected to produce 

inferior plantations. 

In spite of the occasional contrary indication, e.g., Wilhite 

(1966), the same conclusion is probably justifiable in relation to 

domestic pines generally. 

4.24232 4.24232 Stored Bare-root Stock 

When fresh stock is either unavailable or in a stage of 

development that renders it unsuitable for planting, it is necessary to 

use stored stock. 

Even with conventional spring planting, stock must be stored in 

order to supply sites that need to be planted before fresh stock can be 

lifted in the nursery (cf. Williams and Rambo 1967, SI ayton 1970). In 

other instances, the nursery lifting season may close before planting 

sites become ready or accessible at higher elevations or higher lati 

tudes (cf. Lindberg 1951, Sinclair and Boyd 1973). Also, storage may be 

used as a means of reducing spring frost damage (cf. Leslie 1945, 

Jorgensen and Stanek 1962, Schmidt-Vogt 1963), either by planting late 

in the conventional spring planting season with unflushed stored stock 

in preference to fresh stock in which flushing might be well advanced, 

or by taking advantage of the delay in flushing commonly experienced by 

stock after refrigerated storage in comparison with fresh stock planted 

at the same time (cf. Brown 1971, Nyland 1974). As long ago as 1954, 

Hawley and Smith reported that, in various parts of the United States, 

experiments using cool stored stock had extended planting seasons by 

several weeks in some cases. 

In the present paper, the term "refrigerated storage" is used to 

encompass both "cold storage" = "frozen storage" (at or below 0°C) and 

"cool storage" (slightly above freezing). Natural, uncontrolled refrig 

erated storage, which may fluctuate between "cold" and "cool", has been 

used with varying success (cf. Leslie 1945, Sandvik 1957, 1959, 

Jorgensen and Stanek 1962, Gramsch 1963, Aldhous 1964, Mullin 1966, 

Mullin and Bunting 1972, Navratil and Dye 1978). To a lesser degree, 

the storage environment provided operationally by artificial refrigera 

tion is also non-uniform (cf. Mullin and Reffle 1980), and inevitably 

there will be temperature differences within the bundles, packages, 

etc. (cf. Ursic 1956, Stoeckeler and Jones 1957, Hocking 1971), which, 

especially in cool storage, may "exceptionally reach or surpass 12°C 

above ambient (Hocking and Nyland 1971). 
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Though by no means new (cf. Hopkins 1938, Leslie 1945, Roe 

1949) interest in prolonged storage of planting stock has quickened in 
recent years in response to a number of interacting stimuli: expansion 
of planting program, difficulties in labor supply, and increasing real 
ization of the opportunities presented by storage as a tool by which to 

manipulate the physiological quality of planting stock. 

The major problems of prolonged storage are development of mould 
on stored stock, desiccation of stock, cold injury (Bjorkman 1956), and 
unsuitable physical or physiological condition of the stock entering 

storage. 

Mould is commonly developed in cool storage. Sub-freezing 

temperatures have given almost complete control of moulds on stock kept 
in storage for up to seven months; in cool storage, maintenance of a 
constant temperature just above freezing is probably the most effective 
way of minimizing the development of mould (Hocking and Nyland 1971). 

Usin- a pentachlorophenol preparation Bjorkman (1956) obtained good con-

^roTof moulding on Scots pine and Norway spruce stored for two months 
at 2°C to 3°C It is also important to keep foliage clean and dry, to 

package trees properly, and to apply effective sanitation practices 

(Navratil et al. 1975) . 

Trees in storage will become desiccated unless protected. Much 
depends on the method of packaging and the ambient relative humidity, 
which ideally should approach 100%. Relative humidities in the range of 
85-90% are critical (Deffenbacher and Wright 1954, Wilner and Vaartaja 

1958). 

Cold injury is important chiefly in that roots are normally less 

hardy than other parts of the plant (Levitt 1980), but the freeze-drymg 

effect in directly refrigerated storage is also important. 

The duration of storage is obviously an important determinant of 

condition of stored stock. Experimentally, planting stock has on occa 

sion been successfully held in storage for 12 months. Deffenbacher and 
Wright (1954), for instance, obtained 100% first-year survival in nur-

serv plantings of ponderosa pine and noble fir (Abies procera Rehd.) 
that had been stored for a full year; and, after 13 months of storage, 

ponderosa pine still gave 23% survival. Except for the southern pines, 

trees of most of the species commonly used for reforestation in Canada 
and the United States had, even a decade ago, been stored successfully 
for 4 to 7 months (Hocking 1972). Operationally, the duration of stor 
age is seldom as long as eight months. Thus, the five-month storage 

period maximum to which trees used in_ the present study were subjected 

was well within the bounds of feasibility. 

Not only the storage environment and the duration of storage, 

but also the time of lifting plays a critical role in determining the 
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performance of outplants subsequent to storage. Stock that is lifted 
in the fall for overwinter storage must have completed more than the 
first stage of the dormancy process (cf. Cleary et al. 1978): plants 
must have reached a state that has been variously termed "hardened-off" 
(Kahler and Gilmore 1961), "winter ripeness" (Anon 1961), "full dor 
mancy" (Aldhous 1964), etc., and they must possess adequate physiolo 
gical hardiness (Stone and Schubert 1959, Aldhous 1964) and "vinter-
styrke" i.e., winter vigor (Sandvik 1976). A great weight of evidence 
has accumulated to support the view that the field performance of stock 
lifted early in the fall is generally inferior, and, in the pines, often 
spectacularly so, to that of stock lifted later, whether outplanted in 
the fall or, after overwinter storage, in the spring (cf. Stone and 
Schubert 1959, Lavender and Wright 1960, Kahler and Gilmore 1961, Simon 
1961, Anon. 1961, Lavender 1964, Aldhous 1967, Oldenkamp and Van Elk 
1967, Chedzoy 1968, Lindquist 1970, Hocking and Ward 1972, Mullin 1972 
Hullin and Parker 1976, Bunting 1977). 

The time of lifting for storage in the spring may be almost as 
important (cf. Stoeckeler and Jones 1957, Simon 1961, etc.). 

Although most North American tree nurseries were equipped with 
refrigerated cold storage facilities before the present study was be°un 
(Hocking 1972), the OMNR nursery at Swastika, which supplied most of the 
planting stock used in the present study, brought its cold storage fac 
ility on line in 1972. Expertise in the use of these facilities has in 
creased greatly during the ensuing decade. In Ontario, the first draft 

set of guidelines was issued in March 1975 by R.H. Dixon, then Director, 
Forest Management Branch, Division of Forests. The preparation of the 

guidelines was precipitated by the increased use of refrigerated storage 
and root cellars and a renewed emphasis on improved transportation 
methods (cf. OMNR Project 258). The guidelines were based on "the 
growth stage of the nursery stock related to storage temperature and 

length of the storage period as well as packaging". Lifting guides for 
frozen overwinter storage of black spruce at Swastika nursery were sub 
sequently prepared by Mullin and Hutchison (1978). 

The OMNR guidelines of 1975 recommended practices that differ 
radically from those to which the 1971/1973 planting stock used in the 
present study were subjected. In particular, storage temperatures in 

1971 were too variable and too high, in 1972 somewhat low (nominally 
-4.4 C) and rather variable, and in 1973 episodically too high, then 
persistently too low. Details have been given on p 12-15 under 
3.4 The Planting Stock. 

The planting stock used in the present study was thus exposed in 
part to all of the three main dangers besetting trees in storage: 
mould, desiccation, and cold injury. A subjective judgment is that 
mould and desiccation constituted the main agents of deterioration in 
1971, desiccation in 1972, and cold and desiccation in 1973. 



75 

The essential point here is that the degree of success achieved 

using rather primitive storage practices should noc be difficult Co ex 

ceed with superior stock handling. 

The storage environment is noC the only problem facing the 

stored tree. For stored stock outpi anted during an extended planting 

season, a major problem is to bring its physiology into step with the 

seasonal progression of weather. As well as the year-to-year variation 

in weather, the seasonal progression is important in determining the 

performance of stored stock planted "out of season". Damage by spring 

frosts, in the regions covered by the present study, is almost always 

avoided by not planting before the last few days of June. If planting 

is much deferred, however, the new growth has but an abbreviated growing 

season in which to complete hardening off before the advent of fall 

frosts. In the present studies, only the stock outplanted in the first 

through third sequential plantings consistently had time to complete the 

hardening off process and escape damage by fall frost. Trees outplanted 

in the fourth and fifth sequential plantings were particularly vulner 

able to damage by Fall frost. In later sequential plantings, trees gen 

erally did not develop new foliage in the year of planting. Any buds 

that began to swell among trees of the sixth sequential planting were 

probably damaged by fall frost, for few of these buds flushed normally 

the following year. As a case in point, the frost that occurred at Fawn 

on the night of 19/20 September, 1973 was severe enough to cause wide 

spread damage among outpiants in the fourth and fifth sequential plant 

ings: McClain^ has made similar observations. Not all flushed trees 
were affected to the same degree, however, even in apparently identical 

mi croc limatic and soil conditions. This suggests that physiological 

differences may have been induced in the stock by exposure to differen 

tial environmental conditions at one or more stages between lifting in 

the nursery and outplanting. Not all trees in the same bundle, and not 

all bundles in the same batch, experience identical environments during 

storage and handling, and this may well have differential physiological 

consequences. Further aspects of storage will be considered under two 

headings: overwinter storage, and spring storage. 

4.242321 Overwinter Storage (fall lifting) 4.242321 

As will be shown, planting stock that is lifted early in spring 

almost always performs better than stock lifted later. In large scale 

operations, obvious difficulties stand in the way of early spring lift 

ing of all or even most of the stock. This raises the question: why 

not, then, lift in the fall and hold stock in refrigerated storage until 

it is required for planting? Considerable success has attended efforts 

in this direction. 

4 K.M. McClain. 1982. Research Scientist, Ontario Ministry of Natural 

Resources, Northern Forest Research Unit, Thunder Bay, Ontario 

(personal communication). 
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4.2423211 4.2423211 Cold Storage 

The optimum temperature for overwinter storage of planting 

stock has not been established. In all probability, the effect of 

temperature varies not only with species but also especially with the 

physiological condition o£ the stock when lifted. 

In northern (65°N) Finland, 2+1 Scots pine lifted at the end of 

October and overwintered in natural cold storage, with temperatures be 

low -10°C for virtually the whole of January and February and reaching 

a minimum of -15°C, survived in spring planting just as well as did 

fresh-lifted stock (Yli-Vakkuri et al. 1968). This stock was stored in 

open plastic bags inside paper bags that were closed tightly at the 

beginning of December: within-bag temperatures were not reported, but 

may well have been lower than the -11°C minimum reported by Jorgensen 

and Stanek (1962) in their study discussed later in this section. 

However, overwinter cold storage at -5°C of 2+0 Scots pine 

lifted on 16 October at the Indian Head Tree Nursery, Saskatchewan was 

lethal to stock transplanted into the nursery in late spring (16 May), 

but Scots pine at 2°C stored very well, giving second-year survival of 

87.2% and second-year height increment equal to that of fresh-lifted 

stock transplanted at the same time (Gram and Lindquist 1981). 

Colorado spruce (Picea pungens Engelm.) in the same study fared much 

better after cold storage over winter at -5°C, with second-year 

survival of 74.7%, not significantly less than that of spring-lifted 

stock, fresh or stored (Tables 16, 23). Overwinter cool storage (at 

2"C) gave excellent results in both species (cf. Table 23). 

Table 16. Second-year survival and second-year height increment of 2+0 

Scots pine and 2+0 Colorado spruce, nursery transplanted in 

late spring (16 Hay) at Indian Head Tree Nursery, 

Saskatchewan, after overwinter storage, (after Cram and 

Lindquist 1981) (cf. Tables 23, 32) 

Within columns, values not followed by the same letter differ signif 

icantly (at an unspecified level of probability, but presumably P .05). 
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According to Hocking and Nyland (1971), Bunting (1970) found 

that white spruce and white pine nursery stock stored over winter at 

-3°C survived and grew better in spring plantings than did fresh-

lifted/quick-planted controls. Overwinter storage was better at -3°C 

than at 1.5°C for both these species and for red pine. 

Also according to Hocking and Nyland (1971), Hopkins (1938) 

found that white spruce and white pine performed poorly when planted in 
mid-July after overwinter storage at 0°C ± 0.5°C. Hocking and Nyland 

did not mention the date of lifting. 

Naturally refrigerated overwinter storage has advantages that 

appeal to both nurseryman and planter (Mullin 1966). Natural refrigera 

tion in root cellar storage was used by Jorgensen and Stanek (1962) in 

northern Ontario in a series of experiments on overwinter storage of 

jack pine, black, spruce, and white spruce (as well as red pine and white 
pine) that had been grown, as was then the custom, in southern Ontario 
nurseries. In all cases, fall-lifted stock was received in Cochrane in 
late November, but the actual lifting dates were not reported. Varia 
tion in air temperature (from -17°C to 4°C) in the root cellars was much 

less than that in the outside air: variation in temperature among the 

roots of the planting stock within the normal shipping bales was still 

less, between -ll'C and 1°C. With regard to the pines, overwinter 

storage, in the conditions provided in the root cellars, significantly 

increased mortality over that of springlifted stock: all three pine 

species responded similarly. Jorgensen and Stanek had reservations 
about the value of the part of the experiment dealing with black spruce 

because of a 12-day delay in planting the stored stock, which was kept 

in bales at the planting site. White spruce 3+0 and 2+2 stock was re 

tained in dormant condition for approximately six months without appar 

ent detriment to later performance after outplanting. Moreover, stored 

stock was highly resistant to damage from spring frost and was superior 

to spring-lifted stock shipped from the same nursery beds and planted at 

the same time. Jorgensen and Stanek observed that, two years after 

planting, some of the spring-shipped stock showed no shoot development 

at all, having stagnated at the stage at which they were planted: most 

of these trees showed some new shoots but no terminal growth develop 

ment . Stored stock, however, was in good condition and formed "satis 

factory plantings". The results showed that fall-lifted white spruce 

after overwinter storage in cellars was decidedly superior in subsequent 

performance to spring-lifted stock, although it must be remembered that 

the stock was raised in a southern nursery. Northern-grown, spring-

lifted stock would probably be less susceptible to spring frost, but 

overwinter storage should be at least as successful with northern- as 

with southern-grown stock. Jorgensen and Stanek's results, inconclusive 

with regard to the other species used, suggest that pines are difficult 

to store satisfactorily. 
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Uncontrolled natural cold storage was also used by Mullin 

(1966), but unlike the situation faced by Jorgensen and Stanek (1962), 
whose planting stock was raised in nurseries 500 km Co 800 km to the 

south, Mullin1s trees were planted on a latitude similar to that of the 
nursery in which they were grown. Stored and unstored white spruce and 
red pine of two age classes (3+0 and 2+2) were lifced on 28 November at 
what is now called the Thunder Bay Forest Station nursery (48°30'N), 
baled and shipped overnight by rail to the Fort Frances District, and 
placed on racks in a storage shed near Atikokan (48D45'N) about 160 km 

west of Thunder Bay, Ontario. The inside-bale temperature decreased 

from 1°C on 1 December to ~15°C in January and rose to about -2°C at the 
end of March. At the date of planting (23 April), when equal numbers of 

trees fresh-lifted from the same beds were also planted, the inside-bale 

temperature was about 1°C. In this experiment, survival of outplanted 

white spruce was significantly (P .01) better among stock that had been 
planted fresh (without storage) than among stock that had been stored: 
first- and third-year survival rates were 91.4% and 76.2% for unstored 
stock and 85.9% and 65.9% for stored stock, respectively. There were no 

differences between age classes or between bale types. In this exper 
iment, unlike Jorgensen and Stanek1s, unstored white spruce incurred 

significantly (P .01) less frost damage than did stored stock, even 
though the stored stock was slower in flushing (more so in the seedlings 

than in the transplants) and therefore had fewer trees that flushed 
early. As Mullin noted, the more advanced stock would normally be.ex 

pected to suffer greater frost damage than would stock that flushed 

later. As far as white spruce was concerned, Mullin noted that: "[T]he 
Stored stock...showed a reduction in vigour as measured in terms of sur 

vival, suceptibility to damage, and growth." For red pine, too, over 

winter storage, in the conditions described, was detrimental to survival 
and growth. 

The differential between overwintered frozen stored red pine and 
fresh-lifted controls in spring planting was less in Mullin and 

Bunting's (1970) study in southern Ontario. Stock (3+0) was lifted in 
late fall (25 November) after several weeks during which frost had 
occurred frequently, packaged by several methods, and placed in 

refrigerated storage, part in cool storage above freezing at an average 
temperature of 1.5°C, and part in cold storage at an average temperature 
of -3°C (range -5°C to 0.5°C). Fresh stock from the same beds was 
lifted the following spring on 28 April (relatively early in the ship 
ping season), and taken to the shipping barn along with the scored 
stock. Stock was outplanted on three sites. Several of the overwinter 

ing packaging methods gave results that did not differ significantly 
from the results given by the fresh-lifted controls. Frozen storage in 

this case was as good as or better than unfrozen (cool) storage. 

The study reported by Mullin and Bunting (1970) was not con 

fined to red pine: 3+0 white pine and 3+0 white spruce were included on 
an equal basis with red pine and subjected to the same experimentation. 
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All three species were reported on by Mullin and Bunting (1972), al 

though no new information was included on red pine. Storage treatment 

had significant effects on survival, mainly because of the very poor 

showing of the cool-stored bale-in-polybsg treatment. Averaged over ail 

three planting locat ions, survival was unaffected by the other storage 

treatments. In terms of height increment) the cool-stored bale-in-

polybag treatment was also poorest by far, and the frozen polybag was 

best. Obviously, white pine can be overwintered in either cool or cold 

storage for early spring planting. For white spruce, the overall 

effects of storage treatments on survival were not significant at any 

location, but when summarized over the three planting locations, the 

frozen bale was consistently damaging to survival, and the frozen poly 

bag was consistently beneficial. Again, poor survival was associated 

with poor growth of survivors. Of four satisfactory storage treatments, 

the frozen polybag was the most promising, with increases in survival 

and growth of 15.7% and 25.9% respectively, over fresh-lifted control 

stock. Mullin and Bunting acknowledged that such a single mid-season 

planting gives little information about the possible extension of the 

regular spring planting season, one of the chief advantages being sought 

in overwinter storage. 

Third-year survival among outplanted 2+1 black spruce that had 

been fall-lifted and first cool- then cold-stored over winter was vir 

tually identical with that of fresh-lifted control stock in Upper 

Michigan (Slayton 1970). Overwinter storage of 3+0 red pine and 2+2 

white spruce was somewhat less success ful (Table 17) but Slayton des 

cribed the mortality rate for the spring-lifted and fall-lifted stock of 

all three species as "uniform". It should be noted that the fall lift 

ing was carried out on 15 October and that later lifting might well have 

been advantageous. The stock was baled and placed in the Tourney Nursery 

cold storage facility. From 15 October through 15 November, the air 

temperature in the facility was held at 1°C and the relative humidity at 

100%. During November and December, the temperature was held at -1°C. 

Table 17. Third-year survival of fresh and stored 

3+0 red pine, 2+1 black spruce, and 2+2 

white spruce after outplanting in Upper 

Michigan. (after Slayton 1970) 

No. of Stored 

Species trees Fresh over winter 

(%) CX) 

Red pine 3643 83 75 

Black spruce 699 91 92 

White spruce 864 87 81 
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Throughout Che rest of the winter, room temperatures ranged from -3°C Co 

-1°C, with relative humidity at 97% to 100%. The temperature was raised 

to 1°C to 2°C for two weeks before the stock was removed for use, and it 

took most of this time for the bales to thaw completely. As with Mullin 

and Bunting's (1972) study, Slayton's study gives only indirect infor 

mation about the possibilities of extending the spring planting season: 

but such studies establish that stock, suitably packaged and stored in a 

suitable environment, may be carried through the winter in good condi 

tion. 

The effect of date of fall lifting on the post-planting perfor 

mance of spring-planted white spruce and jack pine that had been frozen-

stored over winter was studied in an experiment begun in 1972 at 

Midhurst Nursery in southern Ontario. Mullin and Parker (1976) reported 

second-year results. These workers noted the trend towards overwinter 

ing in frozen storage and away from cool storage, and they suggested 

that the losses that had been experienced in frozen stored stock may 

have been the result of improper t iming of the fall lift for storage. 

There were five weekly lifts beginning 19 October and ending 16 Nov 

ember, after which lifts were discontinued because of frozen ground. 

The trees used in the study were selected at random from regular beds of 

2+0 jack pine and 3+0 white spruce. The two storage temperatures were 

-18DC and -4°C. Nearly all of the trees stored at -18°C died. The 

stock stored at -4°C was planted in shallow furrows in a sparsely sodded 

field of loamy sand, the jack pine on 9 April, 9 May, and 11 June, and 

the white spruce on 12 April, 17 May, and 14 June. Fresh-lifted stock 

was also planted at each planting. The results (Table IS) show clearly 

the need for late fall lifting of jack pine intended for overwinter 

storage and "indicate that freshly-dug spring-lifted trees may give 

better results for early and mid-season planting, whereas stored [jack 

pine] may give better results for late planting (although well below the 

results of spring lifting and mid-season planting of unstored stock)." 

Also, "either freshly-dug or stored white spruce, if lifted at the pro 

per time, will give comparable results when used to extend planting into 

mid-June [in the area where the study was carried out]." 

Mullin and Parker showed in this study that jack pine became 

ready for fall lifting at about 208 degree hardening days (DHD, based on 

the cumulative daily differences between 10.0°C and the daily minimum 

for soil temperature at 15 cm depth), whereas white spruce was ready 

several weeks earlier at about 111 DHD. Mullin and Parker observed that 

there were indications that the first planting was too early for both 

stored and fresh white spruce. They also pointed out that this was not 

so for fresh-lifted jack pine, but they did not specifically comment on 

the fact that stored late-lifted jack pine performed much better in the 

second and third plantings than in the first, despite the extra one and 

two months of storage: perhaps warmer soil temperatures are necessary 

to jolt frozen stored stock of this species into action. Survival 

rates, suggested Mullin and Parker, might have been substantially higher 
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had the shoot:root ratios been lower. These workers interpreted their 

results to mean that frozen overwinter storage nay be used to extend the 

planting season inCo late spring using white spruce but not jack pine. 

Table '.3. Second-year survival ir.d second-year heighi L7ic-?:nen: 3: Erash lad^ 
scored C-4*C) 2-0 jack jir.e and 3-0 whica sptuaa in soucharTi 0t 

*i:ttng iaee and pLaniin? daca (aicar Kuilla and Parksr 1975). 

a Tha first data tetera co jack pine, 

Values wishin s?ezi-*s ar.d «ie)iln a* 

diifar si;nificarc;Ly by ran^a ;?a:. 

the secend to vhiCs 

by :a::sr ia '.0: 

Lifting guides tor frozen overwinter storage of black spruce at 

Swastika Nursery in northern Ontario were subsequently developed by 

Mullin and Hutchison (1978). Here, well balanced 3+0 and 1.5-1.5 black 

spruce ware lifted on 15, 21, and 28 October, 19 75, from randomized 

plots in the nursery beds, and placed in cold storage at -3CC. On 

20/21 May and 7/8 June, stored and fresh stock was outplanted near the 

nursery: the fresh-lifted trees showed no visible sign of new growth 

at the first planting, but at the second planting they showed active 

root growth (white tips up to 5 cm long) and bud growth (swelling and 
extension of some buds to about 1 cm). Survival ranged from 86.1% (3+0 

stock, first planting) to 96.0% (1.5*1.5 stock, second planting) 

(Table 19), and there 'ware no significant interactions. The second 

planting, though marginally better in terms of survival, was somewhat 

poorer in terms of height increment. In both plantingSj incidentally, 

the transplants were superior to the seedlings in both survival and 
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height increment. The last lifting was best, and the data suggest that 

later lifting might be better still. Hullin and Hutchison suggested 

that at least 167 DHDs are required for black spruce before it is ready 

for lifting (based on 10°C). 

Table 19. Second-year survival and second-year height increment of 

fresh and cold-stored (-3°C) black spruce (3+0 and 1.5+1.5 

age classes combined) outplanted in northern Ontario, by 

lifting and planting dates. (after Kullin and Hutchison 

1978) 

Within columns values not followed by the same letter differ signif 

icantly at the P .05 level or better. 

By 1981, Mullin and Laupert were able to state: "Frozen over 

winter storage of packaged shipping stock of some species has been an 

accepted practice at mos t Ontario nurseries for several years." At 

Orono, for instance, at 43*55' N the second most southerly nursery of 

the Ontario Ministry of Natural Resources, frozen overwinter storage 

has been used successfully for more than 10 years, except for some 

problems with red pine. Concern that frozen storage might not be suc 

cessful at St. Williams nursery (42"40'N), the most southerly of the 

OMNR nurseries, led to the initiation there in 1977 of an experiment to 

examine the effects of cool and frozen overwinter storage of 3+0 white 

pine. A series of fall liftings was carried out on 18, 25 October, 1, 

8, 15, 22 November, and 1 December, at which times the cumulative DHDs 

(based on 10°C) were determined to be 23, 46, 62, 66, 89, 126, and 197, 

respectively. Buds had set before the earliest lifting, but some roots 

had 0.5-cm white tips at that time. At the second lift, white root 

tips up to 1.5 cm long were observed, but the length of white root tips 

declined thereafter from less than 0.5 cm to nothing on and after 
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22 November. Frozen ground from about 5 December prevented further 

liftings. Previous work had suggested that white pine would be ready 

for fall lifting at about 125 DHDs (°C) at Midhurst nursery (Mullin and 
Parker 1976) about 180 fern further north, but the figure was later re 

vised to 165 DHDs(°C) (Mullin and Hutchison 1978). 

The stock was transported to Midhurst nursery and placed in cool 

(1°C) or cold <-3°C) storage. The stored stock and fresh-lifted con 

trols Ca total of 16,000 trees) were outplanted in three plantings on 

well cultivated land late in the spring of 1978. Two of the outplant-

ings were in the vicinity of St. Williams, and the third was at Mid 

hurst. The Midhurst planting was distinctly less successful than were 

the others, probably in consequence of a three-week delay in planting 

and perhaps also because of unsuitable provenance (Table 20). The tim 

ing of fall lifting was particularly important in relation to frozen 

storage. For instance, whereas cool-stored stock from the first lifting 

date gave second-year survival rates of just over 30% in both of the 

local plantings, the survival of stock that had been frozen-stored aver 

aged only 15% in these two plantings. For the fifth lift, survival in 

these two plantings was virtually the same for both cool- and cold-

stored stock, 94% vs 93%, and the mean second-year height increment of 

stock that had been cold-stored exceeded that of stock that had been 

cool-stored, 21.1 cm vs 19.8 cm. Over all, however, the performance of 

stock that had been cool-stored was superior to that of stock that had 

been frozen-stored in 18 of 21 survival comparisons and 17 of 21 growth 

comparisons. Mullin and Laupert (1981) interpreted the results to 

indicate that at St. Williams nursery, white pine becomes ready for 

lifting for cool storage at about 95-100'C DHD. Frozen storage became 

acceptable at about the same time, but with an average growth reduction 

of about 10%. These DHD levels for white pine at St. Williams are 

apparently considerably lower than those required further north. 

Confirmatory tests are in progress, but the relationship between the 

progression of dormancy and DHD may involve dehardening sequences during 

spells of warm weather, rendering simple cumulative DHD expressions in 

adequate. 

4.2423212 Cool storage 

In the study just described, cool storage of 3+0 white pine gave 

better results than cold storage in 18 of 21 second-year survival 

comparisons and 17 of 21 second-year growth comparisons made by Mullin 

and Laupert (1981). Averaged over all seven lifting dates, cool storage 

was greatly superior to cold; averaged over the last five lifting dates 

only, the differential was less but still highly significant (Table 21). 

As well as the cold (frozen) storage aspects already discussed, 

Mullin and Bunting's (1970, 1972) study also involved cool storage. The 

experiment was established in the fall of 1968 at Orono Nursery about 

80 km east of Toronto in southern Ontario. Three species were studied: 



-able -0 5E=ond-year survival and height increment ot frssh jnd stored 3*0 white pine from St. HiLUaM nursery sprls; 
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(«ftsr Hullin and Laupsr: 1931) 

Significance 
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icanC difference * • 6 1-1 *-B l.B 10.I US 
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Tatils 21. Second-year survival Hid heistic inccracnt of Eresh and atond 3*0 uhits pin* from St. Williams nursery But-

pUnted at thtea locscions in southern Ontario, by ty3» if r-fti^-riCad stora^H, aueras^d over (a) all ;e-/»n 
tifttngi in sprir.g, and (20 Efie lasc t iv« sertueitial Lifting! (aEcer -ullin ;nd EnsapfffC 1931 3. 

red pine, white pine, and whice spruce. The Crees for overwinter stor 

age were lifted on 25 November and placed in cold or cool storage, as 

previously described. The cool storage room was kept above freezing, 

with an average air temperature of 1.5 C and a maximum of 3.0 C. For 

Che cool-stored stock, there were pronounced differences between species 

in terras of first-year survival afber spring ouCplancing, and some pack 

aging treatments were obviously inferior for Che pines (Table 22). For 

white spruce, however, there were no significant differences between 

packaging methods, nor between cool-stored overwintered stock and fresh-

lifted controls. Indeed, the poor performance of the control trees in 

the Kemptville planting compared with the other plantings led Mullin and 

Bunting to comment that :he unplanned delay of seven days in the plant 

ing at Kemptville "night indicate a tentative conclusion that the 

[cool]-stored stock and frozen stock was able to withstand handling and 

holding better than the freshly lifted stock because the Latter aay have 

been sore active, or more advanced in the dehardening process." Mullin 

and Bunting interpreted their results to indicate the possibility of 

longer storage and later planting, i.e., extension of the planting 

season. This would seem to be particularly true for white spruce. 

A small-scale trial with 1-^1 ponderosa pine and 2+0 Douglas-fir 

in Cali fornia was carried out by Lanquist and Doll (1960) in the late 

1950s. Stock overwintered at 1 = G for 5.5 months gave first-year sur 

vival rates of up to 94%. 
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Encouraged by the work of Hopkins (1938), who showed that white 

pine and white spruce could be overwintered in refrigerated storage at 

0"C + 1°C and outplanCed with intermediate success as Late as mid-July, 

Baldwin and Pleasonton (1952) began an experiment in October 1950 which 

included cool overwinter storage of 3+0 red pine, white pine, whice 

spruce, and balsam fir. Results wera reported in general terms only. 

Outplantings took place on 26 April, 20/22 June, and 12/13 July. With 

reSDect to survival of trees that had been fall-lifted (presumably in 

October), "good survival was obtained with trees [that had been] kept 
just above freezing in refrigerator rooms and trees [that had been] 
kept in a cool damp cellar. Best survival occurred in trees planted in 

April, but refrigerator-stored trees survived well in July plantings, 

better in fact than those planted in June. White pine generally was 
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superior Co other speciss in survival^ followed by white spruce, red 

pine and balsam fir in that order." White pine and, Co a lesser extent, 

white spruce, "survived well" when planted in June and July after 

overwinter storage at about 2°C. All trees Chat had been deep frozen 

over winter at - 18°C to - 12°C turned brown a few hours after planting 

and died. 

Trees of eight specieSj including red pine, white pine, and 

white spruce, showed "saCis factory" first-year survival when outplanted 

after overwinter storage at - 1°C to 4°C in relative humidity of 90% 

(Leslie 1945). Jack pine failed, probably because the stock was large 

(60 cm to 90 cm) with small root systems. Again, the results bear only 

indirectly on Che question of planning season extension. 

Nor did Williams and Rambo (1967) in northern Indiana attempt to 

prolong the spring planting season with red pine and white pine stored 

over winter at L°C to 3°C, but their results on the effect of lifting 

date on first-year survival are of general interest. First-year sur 

vival of 2+1 red pine fall-lifted on 13 November and 3 December was net 

significantly inferior to that of fresh-lifted sCock outplanted on three 

different sites in southern Indiana after lifting on 28 March, but 1+2 

white pine survival increased significantly (P .01) from 76% in stock 

lifted on 13 November Co 88% in stock lifted on 3 December, and fresh-

lifted sCock lifted ac the end of March showed 93% survival after out-

planting. 

The study reported by Cram and Lindquist (1981) directly 

addressed the question of whether overwinter and spring storage could be 

used to delay and expand nursery transplanting operations in the prairie 

region of Saskatchewan, Cold-storage aspects have already been dis 

cussed . Overwinter cool storage at 2°C gave excellent second-year re 

sults for both 2+0 Scots pine and 2+0 Colorado spruce (Table 23). 

Factors controlling vigor and vitality in fall-lifted Douglas-

fir stock overwintered in cool storage were studied by Lavender and 

Wareing (1972) who found that plants that had been subjected to a short 

day regime prior to lifting showed reduced root activity and were less 

able to regenerate roots, but were less adversely affected by lifting 

and storage than were plants that had been given long-day treatment-

Chilling and daily exposure co low intensity illumination further re 

duced the adverse effects of lifting and dark storage. Undoubtedly, 

much remains to be discovered about these multi-factor systems before 

they can be used to maximum advantage. 

4.242322 Spring Storage (spring liftisq) 4.242322 

A number of other investigations have produced evidence that 

bears on the questions addressed by the present study, viz., extension 
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of Che planting season with spring-lifted, refrigerated stock in de 

layed plantings. 

Jack pine (1+0) and white spruce. (2+2) were among four species 

of conifer that were tested for ability to withstand cool sCorage after 

spring lifting (Stoeckeler 1950). Stock was Lifted on 3 May and stored 

for 0, 1, 2, 3, 4, or 5 weeks at 10'C, and afterwards outplanted in the 

nursery together with comparable but fresh-lifted stock. First-year 

survival was 95% or more for the pines, irrespective of the duration of 

storage. With white spruce, however, first-year survival had begun co 

drop (to 93%) in stock that had been stored for four weeks, and was down 

to 81% after five weeks of storage. All fresh-lifted stock, "even 

though in a succulent stage in the late transplantings", survived at 

rates of 95% or higher. Also, it appeared "that late transplanting wich 

and without cool storage hss an adverse effect on growth, and that it is 

accentuated by long storage" (Stoeckeler 1950). 

A limit of 10 weeks in refrigerated storage was set by Lindberg 

(1951) for Scots pine and Norway spruce destined for planting in nor 

thern Sweden after the spring thaw. 

Duffield and Side (1959) reported as "successful" the cool stor 

age, for up to 16 weeks at 2°C, of various species of spring-lifted 

stock including 2+0 Douglas-fir in closed polyethylene bags. 
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Scots pine and Sitka spruce (Piaea sitohensis [Bong.] Carr.) 

ware among seven species that "performed well" after spring cool stor 

age of 16 to 28 weeks at 2°C, although survival decreased after cold 

storage at - 5CC (Aldhous and Atterson 1963). 

In a small study, difficult to relate to operational practice, 

spring-lifted 1+0 Sitka spruce were stored for up Co 20 weeks at between 

3°C and 4°C, then potted and exposed to good growing conditions in a 

growth room for 5 weeks: survival among stock that had been stored for 

5 weeks was 100%, but decreased rapidly thereafter to 50% in stock that 

had been stored for 15 weeks and to about 37% in stock stored for 20 

weeks (Buckley and Lovell 1974). 

Cool storage for four weeks at 1°C to 2°C for spring lifted 

lodgepole pine and white spruce was "satisfactory" (Chedzoy 1968). 

Tutygin and Veretennikov (1968) spring lifted 2+0 Scots pine and 

2+0 Norway spruce, before externally detectable growth had begun, and 

cool-stored them for up to 12 weeks at 0"C to 3°C and 90% to 92% rela 

tive humidity: from their observations of needle pigments, survival, 

and height growth performance after outplanting, they concluded that 

Scots pine and Norway spruce should be stored for no more than five 

weeks and seven weeks, respectively. 

In Colorado, Simon (1961) studied the effect of lifting date, 

refrigerated storage (temperature unspecified), and grading, on the sur 

vival of nursery-grown Engelmann spruce (3+0), lodgepole pine (2+0), and 

ponderosa pine (2+1). Stock was lifted on 6, 13, 20, 27 April, and 4 

and 11 May. Bud swelling began in lodgepole pine on 15 April and in 

Engelmann spruce on 27 April. Forty trees of each species were planted 

at Che Colorado State Forest Nursery the day after lifting: other trees 

of the same lot were put into refrigerated storage. On 14 June, 40 

trees of each species that had been stored at each lifting date ware 

planted in the nursery. For spruce and lodgepole pine, a further 40 

stored trees from each lifting date were planted on June 29. Each set 

of 40 trees was subgraded into superior and inferior grades on the basis 

of size and apparent vigor. Simon (1961) concluded that: "There were 

no differences in first-year overall survival that could be attributed 

to refrigerated storage", overall survival being 83^ for stored lodge 

pole pine vs 35% for unstored in nursery plantings, 85% for stored and 

fresh Engelmann spruce, and 94% for stored and fresh ponderosa pine 

(Table 24). However, there are definite signs that plants lifted later 

were not performing as well as plants lifted earlier. This was partic 

ularly true of lodgepole pine. All the spruce, except for those that 

had been lifted on the last lifting date (11 May) and therefore stored 

the least (5 weeks), survived equally well in nursery plant ings whether 

planted fresh or after 6 to 10 weeks of refrigerated storage. Field 

plantings, after two further weeks of storage, were equally successful, 

and only in the last lifted stock (11 May) did survival drop 

appreciably. 
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In nursery plantings, lodgepole pine gave results Chat were very similar 
to those described for Engelmann spruce, but in field plantings survival 
was lower, the decline began earlier and was more pronounced, although 

the most precipitous drop was from the 40% survival rate for stock of 

the fifth lifting to the 20% survival rate for stock of the sixth lift 
ing. Survival averaged 83.5% for the 14 June plantings, but only 47.2% 
in° the 25 June plantings with stock that had been stored 2 weeks 
longer. Clearly, for lodgepole pine, physiological condition rather 

than the length of storage was the chief determining factor. There was 

no evaluation of storage duration for a common lifting date. 

TabLe Jft, rirsc-vear survival of Erosh and stored SCOC!* in nursery and field planting*, by species 
and Lifting date. '-'ee'ns £b storage ir» shorn in parentheses, (aicer Simon 196L) 

Losseools aiae 

fresh stack, quick planted 

in nur3ary 

Stored stack, nursery 

planted W June 

32 70 -

(10) 100 (?) 

stock, f ia Id 

planted 25 June 83 (12) 52 (Hi 

98 -

33 (3) 

as do) 

32 -

90 (7) 

A3 (9) 

95 -

95 (6) 

40 (3) 

35 -

60 (5) 

20 C) 

3ud swelling began in iodg^pola pine on 15 April and ia spr'J=a on 11 Aprii 

Representative lots of four species of nursery stock, including 

1*0 jack pine and 2+2 white spruce, were lifted on 3 Hay, 1938 at 

Rhinelander, Wisconsin, packed in crates and placed in refrigerated 

storage (Stoeckeler 1950, Stoeckeler and Jones 1957). Air temperatures 

in the storage unit up to 15 May were generally at or below 10°C but 
never below 3°C; thereafter, temperatures occasionally reached 16°C to 

18°C for periods of several hours. Trees were taken out of storage for 

weekly nursery plantings beginning on 10 May and ending on 7 June. At 

each planting date, similar lots were fresh-lifted from the nursery beds 

and planted for comparison. First-year survival rates indicated 
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virtually no difference between scored and fresh jack pine (and red 

pine and white pine, too) throughout the five plantings. White spruce, 

however, showed a considerable drop in survival (to 81%) for stock that 

had been stored for five weeks. Stock of all species stored for 5 weeks 

was "distinctly smaller" at Che end of the first season after trans 

planting than the stock stored for shorter periods: Che reduction in 

weight of stored versus unstored stock was 42% for jack pine, 28% for 

white spruce, and 20% for each of red pine and white pine. 

In another part of the experiment, 1+0 jack pine and 2+2 white 

spruce were among representative lots of four species of conifer lifted 

at weekly intervals beginning on 19 April and ending on 24 May. All 

these trees were outplanted on 25 May, thus giving storage durations of 

0, 1, 2, 3, 4, and 5 weeks. First-year survival was between 83% and 88% 

for jack pine stored for 0 to 3 weeks and 95% for jack pine stored for 

5 weeks. Jack pine that had been lifted on 26 April and stored for 

4 weeks, however, showed a survival rate of only 76%. White spruce sur 

vival was 90% or more for all lifting dates except 26 April, when it 

dropped to 82%. Stoeckeler and Jones (1957) did not state the numbers 

of trees involved in these experiments, nor did they give confidence 

levels, but the consistency of the results with all four species, and 

the calibre of the researchers, inspire confidence in the results. 

Stoeckeler and Jones concluded thaC spring storage can be recommended 

for conifer nursery stock for up to 5 weeks. Their work underlines the 

dependence of subsequent performance on lifting date. 

Burgar and Lyon (1968), in the Thunder Bay district of Ontario, 

tested two methods of extending the planting season using 2+2 white 

spruce on a prepared, well drained, fresh loam mixedwood site carrying 

a residual stand of 20-30 stems/ha of mature white birch (Betula papyr-i-

feva Marsh.), white pine. and trembling aspen (Populus tvemuloi3.es 

Michx.). In the storage treatment, trees wera lifted on 5 May, 1964, as 

soon as the ground had thawed, and placed in refrigerated storage at 

0.5"C to 3°C). Stock was drawn from storage at intervals of two weeks 

for field planting throughout the growing season from 6 May until 

30 September. Fresh stock, lifted two days before each planting, was 

planted at the same time as the stored stock up to 30 September, then at 

similar intervals until freeze up (28 October). The test was laid out 

as four replications of a randomized split block arrangement. Each 

replication contained 12 plots of stored trees and 14 plots of fresh 

trees, and there were 25 trees per plot. The study was not replicated 

in time. 

Survival rates at the end of the third growing season for the 

stored stock were remarkably high even after 19 weeks of storage 

(Table 25). Survival rates for the last two outplantings differ signif 

icantly from the others. In terms of total tree height, however, stock 

that had been stored for more than 11 weeks exhibited signif icant ly 

poorer performance than stock stored for shorter periods. In 
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Interpreting these results, one must take into account^several factors 

of importance: the stock was lifted at the first possible opportunity 

in the spring; it was good 2+2 material, and carefully handled, in 

fairly small numbers; and the prepared site, with its open overstorey, 

was particularly well suited to white spruce. The^study is an important 

indicator of what can be achieved when attention is paid Co these fac 

tors. The results are particularly interesting in conjunction with 

those reported by Stoackeler and Jones (1957) as well as in conjunction 

with the guidelines for the general handling1 of nursery stock (Dixon 

1975) which recommend the species lifting sequence: red pine, white 

pine, jack pine, and then, surprisingly in view of their phenological 

sequence, black spruce, before white spruce. The guidelines set the 

maximum length of storage for stock lifted within one week afcar all 

frost has left the ground at six weeks at 0.5°C Co 1.0°C plus one week 

up to 4.5°C. For stock lifted later than this, but before actual flush 

ing (i.e., the emergence of needles from Che bud, not merely swelling or 

elongation o£ Che bud), the guidelines suggest that jack pine, black 

spruce, and white spruce (as well as Cwo other pines) may be cool stored 

at 0.5"G to 1.0°C for a period not exceeding 2.5 weeks. 

Date of lifting and spring storage of jack pine for delayed 

planting were investigated in an experiment begun in 1976 at Swastika 

Nursery in northern Ontario (Mullin and Forcier 1976, 1979). On each 

of four dates of lifting (10, 13, 18, and 21 May) 2+0 jack pine from 

randomly selected ploCs in the regular beds were lifted for delayed 

planting. PloCs of Che same stock were reserved for comparative fresh 
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plantings on each of the three dates of planting (26 May, 9 June, and 22 

June). Air temperature degree-days (the cumulative difference above 1°G 

of the averaged daily maximum and minimum) were SO, 88, 122, and 138 for 

the four lifting daces. Frozen storage at -3°C was compared with cool 

storage at 1 °C . All three plantings were on level sandy loam near 

Kirkland Lake. The site had been prepared with a Marttiini plow, and 

Che trees were planted in the furrows. There were five replications of 

each treatment. The results at the end of the second growing season in 

the field throw much light on the effects of lifting date, length of 

storage, cold vs cool storage, and survival-growth relationships 

(Table 26). From the standpoint of the present study, the highly detri 

mental effect of cold storage is of prime interest: the differential 

increased with both increasing length of storage and/or lateness of 

planting) and with lateness of lifting. For the third and fourth lifts 

with the second and third plants, survival among stock that had been 

frozen stored was virtually nil, whereas cool stored stock survival was 

still in the SO.8%-7 2. S" range for the second plant, and in the 43,2%-

30.8% range for the third plant. Hullin and Forcier's results also 

demonstrate the fact that significant differences in performance can 

occur in consequence of a few days' difference in lifting date/storage 

duration. 

In an earlier study, Mullin and Forcier (1976) examined the 

effects of lifting date and planting date on frozen-stored spring-lifted 

2+0 jack pine, 3+0 black spruce, and 3+0 white spruce, with fresh-lifted 

control trees planted on each planting date for comparison. On each 

date of lifting, trees were stored at -2°C. A total of 12,500 trees of 

each species was planted. The first lifting of all species gave the 

highest average survival, and the data illustrate clearly that early 

lifting is important not only for stock that is to be stored but also 

for stock that is to be planted fresh (Table 27). Plantings that took 

place after the end of May with early lifted stock generally gave much 

higher survival with stored than with fresh-lifted stock, notwithstand 

ing the subsequent indication (cf. Mullin and Forcier 1979) that cool 

storage is superior to cold storage. The evidence reviewed under Fresh-

lifted have-VOOt stock (p. 66) suggests that fresh stock would perform 

increasingly well once the succulent stage of development is passed. 

The points of interest in relation to the present study are the high 

survival rate (8^.0%) of the earliest lifted jack pine even after 9 

weeks of cold storage, the 82.0% survival of the earliest lifted black 

spruce after 7 weeks of storage, and the 81.6% survival of the earliest 

lifted white spruce after 7 weeks of storage. Also, the later the lift 

ing, the more rapid the decline in performance. Again, Hullin and 

Forcier's results illustrate the strong correlation between survival 

rate and growth rate of survivors. 
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Table 26. Second-year survival of outplanted jack pine, by storage 

treatments, dates of lifting, and dates of planting. (after 

Mullin and Forcier 1979) 

Lift 4, 21 May 

Frozen, dipped 62.0a 

Frozen, not dipped 51.2a 

Cool, dipped 97.2b 

Fresh-lifted 77.2 

controls 

2.0a 

0.0a 

80.8b 

68.3 

19 

0.4a 

0.0a 

43.2b 

69.9 

32 

Within lifts and planting dates, values in columns not followed by a 

common letter differ significantly at the P .05 level or better. 
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"able . Secsnd-year survival, by species, data of lifting, «id dad of pUntin;: scored stock cold itQiefl 

-2'C. ttftar MulLin and Forciar 1976 > 

Species 

Life ing 

Plancinj dat! 

9 Hay 23 May 5 June 20 June 5 July 

and Survival Storage Survival Storage Survival Storage Survival Staraje Survival Storago 

<ja=e duratiar, duration duration duraticn duration 

(11 (wkl C) (vfc) (vk) CS) (vk) 

Jack 

Lift 1, 

Lift 2, 

Lift 3, 

Lift 4, 

Lice 5, 

2 Slay 

16 Hay 

29 May 

12 June 

26 June 

13.6 

94.4 

(1) 

(01 

39.2 

S6.0 

S9.5 

(3) 

(1) 

(01 

90.0 

86.0 

75.2 

5S.0 

£5) 

(3) 

(1) 

(0) (0) 

Lift I, 2 -ay 

Lift 2, 16 May 

LL£c 3, 29 Xay 

U£t 4, 12 June 

Lif; 5, 25 June 

Fe^flfc-1 ifced 

36.4 

(0) 

Lift 1, 2 May 

Life 1, 

Life 3, 

life U, 

Life ?, 

16 June 

29 May 

I! June 

26 June 

aa.o 

91.: 

(1) 

(0) 

«_ **( *»• ■ iijnificanc ac ? .05, ? .01, ind ? .001 levels, respectively. 

Within spaciea and ?ian:in^ dates, value? Ln columns not followed by the sane Urr-r differ significantly 3C MIS 

? .05 Level. 



96 

Spring storage of frozen 3+0 white spruce was also studied by 

Mullin (1978b) in relation to lifting date and planting date at Midhurst 

Nursery in southern Ontario. At each of four lifting dates, stock was 

placed in cold storage at -3°C and held until the scheduled planting 

date. At each planting date, fresh lifted stock was also planted. Five 

years after planting, survival of early-lifted, stored white spruce 

was equal to that of unstored stock in the first planting and much 

higher in the later plantings (Table 28). As noted by Mullin, outplant-

ings of stored white spruce were consistently successful, at least to 

the end of June, only for the first lifting. A survey of soil tempera 

tures was made with a view to characterizing the time for spring lift 

ing, in a manner similar to attempts by Mullin and Parker (1976) and 

others to relate readiness for fall lifting to soil temperature CDHDs: 

cumulative daily minimum below 10°C). In the case of spring lifting, 

Mullin used a base of 0°C and accumulated daily minimum soil tempera 

tures (to the nearest 0.5°C) at a depth of 15 cm. He interpreted the 

evidence as showing that the cutoff for storage of white spruce was 

about 50 degreedays. The cutoff for red pine, which was also included 

in the study, was similarly estimated to be about 300 degree-days. On 

the basis of this evidence, notwithstanding the Dixon (1975) guidelines, 

white spruce should be lifted before red pine in spring lifting for re 

frigerated storage. The poor performance of fresh-lifted stock in the 

later plantings is perhaps more a reflection of unfavorable conditions 

at the 

Table 28. Fifth-year survival for fresh and frozen-stored 3+0 white 

spruce outplanted in southern Ontario, by lifting date and 

planting date. (after Mullin 1978b) 

Within planting dates, values in columns noc followed by the same 

letter differ significantly at the P .01 level or better. 
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planting site than loss of potential: the weight of evidence, reviewed 

under Fresh-lifted bare-root stock (p. 66) suggests strongly that good 

results can be obtained with white spruce in fresh-lift/quick-plant pro 

cedures throughout the growing season, except for the short period of 

rapid shoot extension (cf. Burgar and Lyon 1968). Mullin did not com 

ment on this point. His concern was with the use of storage, and he 

concluded that "the results suggest that stored spruce can be safely 

used Co extend the planting season within reason". 

Performance of fresh-lifted white spruce in summer plantings was 

also poor in another study, this one in northern Ontario. Jack pine and 

black spruce, as well as white spruce, were the subject of a spring-

lifting, cold storage (at -2°C) experiment at Swastika Nursery (Mullin 

and Forcier 1976, Mullin and Reffle 1980). Mullin and Reffle noted that 

the use of frozen storage in association with spring lifting has re 

ceived less attention than frozen overwinter storage, and needs further 

investigation. Randomized plots were laid out in regular seedbed 

shipping stock of 2+0 jack pine, 3+0 black spruce, and 3+0 white spruce: 

stock was lifted on Five dates (2, 16, and 29 May, 12 and 26 June 1973) 

and planted after cold storage on 9 and 23 May, 5 and 20 June, and 5 

July on a nearby sandy Vaooiniumj'Comptonia cutover. Fresh-lifted con 

trols were planted at each planting dace after overnight storage in 

bags. The spring of 1973 in the experimental area was about normal in 

temperature and about 25% wetter than average for April through July, 

The weather at the time of the second planting was hot (23°C) and dry 

(relative humidity below 40%). The results after two years and five 

years have been reported by Mullin and Forcier (1976) and Mullin and 

Reffle (1980), respectively. Here, survival only will be used to illus 

trate the outcome (Table 29). The main trends exhibited by the data are 

clear. For jack pine, already by the second planting there was consid 

erable depression of fifth-year performance in fresh stock, whereas for 

plantings 2 through 5, stored stock, especially from the first and 

second liftings, was much superior. Jack pine of the first lifting, for 

instance, gave fifth-year survival of 70% in the 5 July planting. 

Mullin and Reffle suggested a 25 May cutoff date for planting of fresh 

jack pine and about 10 June for stored stock. For black spruce, fifth-

year survival rates reached 69.6% or more with stored stock from the 

first lift on the first, second, third, and fifth planting date, and 

with stored stock from the second lift on the second, third, and fourth 

planting dates. Fifth-year survival rates for fresh-lifted black spruce 

ranged from 62.4% to 68.8% for the first three plantings, dipped to less 

than 50% for the fourth planting, and then recovered to 58% for the 

fifth. Mullin and Reffle interpreted these results to indicate cutoff 

planting dates for black spruce of about 25 May for fresh stock and 20 

June for stored. For white spruce, fifth-year survival rates reached 

70% or more with stored stock from the first lift in the first, second, 

third, and fourth planting dates, with stored stock from the second lift 

in the third and fifth plantings, and with stored stock from the third 
lift in the third and fourth plantings. Fifth-year survival rates from 
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Table 29. 

, fat EMSil ard 
0 ---

froien-searad 2-0 jack pine, 2-0 bl«ek 

Jack J'.r.e 

Scored sEQCis 

2 May 

16 May 

29 May 

12 June 

26 June 

J3.Sa 36.3 

94.4a 35.5 

39.2a 73.4 

86.0a 76.0 

39.6a 64.4 

90.0a 73.7 

36.0a 31.2 

75.2a 73.5 

63.0a 64,1 

65.2a 

60.3a 

23.3a 

45. 6a 

50.4 

55.2 

21.2 

40.3 

34.0a 34.3 

34.0c 

67.2c 

22.4a 

6.4a 

:5.63b 

32.0b 

70.4 

57 .5 

24.4 

10.2 

25.8 

25.2 

3Lac'< 

atorad stock 

2 May 

16 May 

29 May 

12 June 

26 June 

7-eah-Uf Ced 

scored 

2 Hay 

IS May 

29 May 

12 June 

26 June 

33.0a 73.2 

91.2a 79.2 

fresh-lifted white soruce ranged from 61.2% to 79.2% for the first four 
plantings before dropping sharply to 37.9% for the tilth. Stored wmte 

ca Lcm the Uts lifts performed poorly. The data were interpreted 
gTSlUa .3 Reffle to suggest cutoff dates for planting of white 
spruce of about 25 May for fresh stock and 15 June for stored All 
da es refer to plmti&gi In the general area of Swastika. Mullin and 
RefEle drew attention t°o an plication of the study that beco.es ob 
vious when the growth data are taken into consideration, viz., the supe 
riority of jack%ine over the spruces on this Vaecimum/Comptoma site 
fining the stored and fresh in Plant 1 only, fxfth-year survival 

rates of jack pine, black spruce, and white spruce were 86.2/69.84, 
and 76.2% respectively; and fifth-year total heights were 190.4 cm, 
79 7 cm and 61.1 cm, respectively. Fourth-year data from the present 
studv (cf Table 11) indicate similar relationships, although, except 

?or the P72 series, growth has been generally slower than that reportea 
by Mullin and Reffle. 
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McClain (1976, 1979, 1980), in studies aimed at extending the 

planting season of black spruce in northern Ontario, used cool-stored 

(1°C to 3°C) black spruce in addition to the fresh-lifted bare-root 

stock already discussed. To recapitulate, the experimentation required 

that black spruce be planted every two weeks throughout the frost-free 

period on typical mixedwood sites: thus, in Kay 1975, 1.5+1.5 and 3+0 

black spruce were lifted and placed in cool storage from which stock was 

withdrawn as needed. At each of 12 planting times from 21 May through 

20 October, stored and fresh-lifted (1.5+0.5 and 2+0, i.e., rising 

1.5+1.5 and 3+0) trees were outplanted on two sites, one in the Thundar 

Bay District, the other in the Geraldton District. In all, 14,400 trees 

were planted. First-year results (McClain 1976), which were essentially 

the same for both sites, showed excellent survival for spring stored 

1.5+1.5 stock for the first through eighth sequential plantings. On the 

ninth and tenth plantings, survival was almost 90% and almost 70%, re 

spectively. Survival was less than 10% thereafter. For 3+0 stock, sur 

vival was 95% or more for the first through fifth sequential plantings, 

and it then declined steadily to just under 60% in the tenth planting, 

and less than 20% thereafter. Fourth-year survival rates were not sig-

nificantly lower (McClain 1981). McClain, however, emphasised that it 

was unrealistic to assess plantation success solely on survival: his 

data provide an excellent illustration of the point. Despite high sur 

vival rates, the first-year current annual increments for stored stock 

decreased steadily with increasing deferment of planting. For several 

of the first five sequential plantings, the first-year growth of stored 

1.5+1.5 black spruce was 12% to 35% superior to that of unstored stock. 

For all but one planting, however, the growth of stored 3+0 black spruce 

was inferior to that of fresh-lifted rising 3+0 stock. The fourth-year 

data show that these relationships were maintained (McClain 1981). The 

remarkably superior performance of the black spruce in McClain's exper 

iment as compared with that of Mull in and Reffle's (1980) is probably 

related to the more hospitable mixedwood site conditions in which 

McClain1s studies were carried out. McClain (1979) concluded that the 

rates of both survival and growth were good enough to justify the use of 

spring-stored 1.5+1.5 black spruce in outplantings until the end of July 

without loss of performance. McClain recommended that fresh-lifted 

stock be used in plantings undertaken after the end of July. Again, 

McClain recognized that because considerable (though not unpractical) 

care was taken with stock handling, the degree to which operational pro 

cedures would approach these results is an open question. 

In another, though limited, study (Christilaw 1981) with black 

spruce in Robson Township, northwest of Thunder Bay in northwestern 

Ontario, 3+0 stock was outplanted both fresh on 16 May, 1972, and after 

2, 4, 6, or 7 weeks of cool storage in the ice house described by 

Clarke and Clark (1973) at temperatures that did not exceed 1,4*G in May 

and June but rose to a maximum of 3.5°C before the last planting took 

place on 7 July. Remarkably, first-year survival rates increased pro 

gressively and significantly (? .05) with increasing length of storage, 
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from 89% among fresh stock to 99% among stock that had been stored for . 
weeks. After nine growing seasons, the differences in survival were no 
longer significant, but survival among stock that had been stored for 7 
weeks before planting was still 9% higher (86.5% vs 77.5%) than that of 
fresh stock Only 1 year of outplanting was involved in this study, but 
taken with other evidence such as McClain's (1979) the results provide 
good support for recommending spring storage and delayed planting for 
black spruce, at least into early July, and, presumably, if a good stor 

age environment can be maintained. 

McClain's (1979) point regarding the need to take growth rates 

into account when assessing performance is particularly valuable in that 
his results clearly show that good survival and good growth do not nec 

essarily go hand in hand. When survival is poor, however, growth too 
can be expected to be poor, and, as in the present study, there_ is sel 
dom other than a strong correlation between the rates of survival and 
growth of survivors. Performance has been assessed mainly in terms of 
survival in the discussions up to this point. Operationally, there 
would be need to recognize loss of growth potential as well as loss of 
survival potential in choosing among options for plantation establish 

ment . 

According to Revel and Coates (1976), Decie (1962) found that 
survival decreased rapidly with increasing length of storage among 

spring-lifted white spruce cool-stored at 1.3*0 until planted at monthly 

intervals between Hay and September, but details were not given. 

Revel and Coates (1976) themselves undertook an investigation 

to determine the dates at which the planting of stock drawn from refrig 
erated storage becomes not practical in the Sub-boreal Forest Region of 
British Columbia (Krajina 1965), and the dates at which the planting of 
fresh-lifted stock becomes practical. In the springs of 1968, 1969, and 
1970 white spruce (2+0 and 2+1) were lifted and immediately put into 

cool' storage at 1.5'C to 2.0°C. Outplantings on a medium spruce, 

devil's club, site were carried out every two weeks from 13 June through 
3 October (dates averaged over the three years of establishment). The 
performance of fresh-lifted control stock has already been discussed. 
Stored white spruce survival in both age classes was high in the early 
sequential plantings, and declined to lowest in the last (Table 30). 
Survival failed to reach 50% only in the final planting with 2+1 stock: 
in the last five plantings 2+0 stock survival averaged 12% higher than 
that of 2+1 stock. The depression of growth with increasing lateness of 
planting (or increasing duration of storage of stock that has been 
stored) is well shown by Revel and Coates1 (1976) data (Table 31). In 
that experiment, the two age classes gave remarkably similar results in 
terms of third-year growth performance, and the 2+0 stock survival rates 

were generally better than the 2+1 survival rates. 
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Table 33. Third-year mcvival Cues a jc :hr?? y?ara 3f plar.ci.-.^J j; a°pgiag-Liic*d CMit-iEOCta vhi; 

Save! ind Caj:ss 1974! 

13 hint 27 Ju.ie 11 July 25 July 3 tag !! ABJ 5 3e = c 19 5*=c 3 Cc: 

a?b aui «) (-> (!) ("1 C5! «! £11 CS) CS) 

!-0 39ab 9ia 32bc 9Oab 33abc =35d 75 bed 69cd 59d 

J»l 9Uh 9ii3 34j 57i 43; 59c 59c 59c We 

'Jichin ags claase^, wy i-o rui.iaa noc tallaVBd by ;hs i^r.a laeCttr £i-tiz aisr.^ficjncly i; "be ? .' 

cc ;hre? year? o: pLan=in;J 3: jpmflii^d ciol-icjc?d walcz anruc? cacplanc^d in S'ib-

boreiL Srtiisa CjLu^&iat by 335 ;!isi ind pLinci^s daci. {af:er 3tfve! snu Coacsa [975) 

?lanci^^ dace 

13 June !7 June 11 Juiy 25 July 1 Au$ 11 Auj 5 3^3= 1? 3e=; 3 Oec 

A£t class (era) 'cnJ (;=i) Ci=) {cal lea) .:3) (c^J ^c=ij 

"Total He 31.7 31,1 IU.U 

]cd ft incr. 10.7 S.4 7.3 7.5 5.3 i.3 4.0 i.,0 -.i 

TacaL he 32.6 30.3 25.: 22.1 . " 11.3 13. L U.O 10. -

3rd yr incr. LK6 '.- 3.; 

Revel and Coates (1976) concluded that survival of cool-Stored 

sCock was adequate in olandings up to mid-July, and that the later 

plantings are characterized by widespread mortality of the main stem as 

a resul: of frost injury, followed by limited lateral growth from adven 

titious buds over the subsequent few years. Cool-stored stock was re 

commended for June plantings, because fresh-lifted stock, while capable 

of giving excellent performance, is extremely tender at that time and 

would require very careful handling that it would be unlikely to get in 

operational plantings. Frash-lifted stock planted in July out-par formed 

cool-stored stock, but cool-stored stock would give acceptable results 

until mid-July. Revel and Coatss further concluded that the results of 

their studies indicate that "the conventional planting period can be ex 

tended to include the entire snow-free period in the sub-boreal forest 

region of British Columbia by using a combination of [cool-] stored and 

freshly-lifted planting stock." 

Sevel and Coates recognised the vital importance of good stock 

handling practice and suggested that, on an operational basis, no more 

than three days' supply of stock be held at the planting site. Close 

liaison with the nursery is very important. 
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Revel? noted that, in the studies described above, planting 

stock and planting site wer, representative of typical stock and p ant 
ing conditions in the sub-boreal zone, and that planting was undertaken 
at accepted production rates (600* trees per 7-hour aay) witn no 

"special" care. 

In Saskatchewan, Cram and Lindquist (1931) carried out an exper 

iment to evaluate several storage treatments mainly for fall- but also 
for spring-lifted 2+0 Scots pine and 2+0 Colorado spruce destined for 
late spring tvrsery transplanting. Spring-lifted stock **«•«££ 
aC 2*C for 10 days performed as well as or better than stock freshly 
"feed on 16 May (when the terminal buds of some of the seedbed pine 
were beginning to enlarge) and transplanted the same day together with 
the stoc°k thac had been stored since lifting on 6 May. Second-year sur 
vival and second-year height increments for spring-stored Scots pine 

were particularly good (Table 32). 

T«&U 32. S«een*-ye« survival ™i mww*t«« height lnc**Mat »t l*0 
Scots pine and 2+0 Colorado soruca, nursary transplanted Ln LaEe 

spring (16 May) after various storage treatments, (attsr C-an 

and Lindquiac 1981) Uf. Tables 16, 23) 

Storage 
Scots pine Colorado spruce 

Height 

T«p««i:m Duration Survival tlKWI SBrvl*aI ;n=re=e 
t'C) Cday3) £1) () «) f=») 

g M 2 10 94.ia 17.5a 30.03 6.9a 

U May - 0 73.Oh 12.1b ",5a 7.3a 

Mi'hin eoUnns, values not foUwsd by the aana letcsr di;:ar sign 
(at an ■jnapecifiad livel of probability, but praaumaoly ? -35). 

4.25 4.25 FERTILIZATION 
i 

Fertilization in this study was clearly unsuccessful. It 

significantly decreased survival and, except for some of the early 
sequential plantings, also had a negative effect on height increment. 
Mortality increased with increasing level o£ fertilization in every year 

of planting, on every site, with every species, and in every sequential 
planting. The response is well illustrated by the F73 data (Taale 33). 
An inexplicable peculiarity of these data is that, in the hign fsrtil-
ization treatment, survival was invariably higher m the second sequen 
tial planting than in the first. The low fertilization treatment and 
the control (unfertilized) both gave muted indications of a similar re 

lationship. 

2 See p. 66. 
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Table 33. First-year survival among P73 outplanted stock, by species, 

site, fertilisation treatment, and sequential planting. 

a 43 kg/ha N, 19 kg/ha P, and 36 kg/ha K at the low (Lo) rate; double 

this at the high (Hi) rate. 

Averaged over the first five sequential plantings, the increased 

cumulative fourth-year mortality attributable to fertilization was 

significant (P .05) in the case of black spruce on the P72 Mooseskull 

site, highly significant (P .01) in both the P72 white spruce at 

Mooseskull and the P73 black spruce at Fawn, and very highly significant 

(P .001) in all of the other 15 species/site combinations in the P72 and 
P73 series (Fig. 41). 

In all three species, mortality occurred at very similar rates 

through the sequential plantings. When planting years and sites are 

considered on an overall basis, correlations between species mortality 

are all significant at the P .001 level (Table 34). 
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Tourth-year survival over all (sequential plancings 1 
through 5 combined) by year of planting (P72 and P73 only), 
site species, and fertilization treatment, P72, etc. 

planted in 1972, etc., jP = jack pine, bS = black spruce vS 
= white spruce. Low fertilization treatment Uo) - « tcg/ha 
H 19 k^/ha P, and 36 kg/ha Kj high fartiLization treatment 

(Hi) - "double the low rate. *, **, *** ■ significant de 
pression of survival at F = .05, .01, and .001, 

tively. 
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Table 34. Correlation coefficients between cumulative 

fourth-year species mortality, planting 

years and sites over all, by level of 

fertilization. 

Species Jack pine Black spruce 

No fertilization 

Slack spruce 0.956*** 

White spruce 0.976*** 

Low fertilization 

Black spruce 0.971*** 

White spruce 0.9S2*** 

High fertilization 

Black spruce 0.963*** 

White spruce 0.960*** 

0.978*** 

0.983*** 

0.933*** 

*** indicates significance at the P .001 level. 

The control condition within species may be treated as an inde 

pendent variable (X) and the fertilization treatments as dependent vari 

ables (Y]_, Y2) whose effects may be predicted (Table 35). The similar 

ity between species in their response to fertilization, at least in 

terras of mortality, is again remarkable. The regression equations indi 

cate that if survival among control trees were 100%, then mortalities of 

9%, 12%, and 14% would be expected to occur respectively in jack pine, 

black spruce, and white spruce fertilized at the low rate. Fertiliza 

tion at the high rate would be expected to cause mortalities of 32%, 

34%, and 38% in jack pine, black spruce, and white spruce, respectively. 

Obviously, fertilization was highly detrimental to survival in 

this study. How did fertilization affect growth? The important prelim 

inary point should be made that below-ground growth is an unknown factor 

in this study. Root system development may be affected differentially 

by fertilization treatments (Sutton 1980b), and this may or may not gen 

erate an above-ground growth response. Any such response may not occur 

for several years. Even without detectable growth response, root system 

morphology may be affected, perhaps to influence tree stability decades 

hence. The present discussion, therefore, relates to above-ground 

growth only, and it will concentrate on the P72 and P73 data because of 

the poor condition of the P71 stock. As will be shown, fertilization of 



106 

the sort carried out in this study merely agravates stress in severely 
stressed plants, primarily in consequence of the osmotic efnect of high 

salt concentrations 

Regress ions 

fertilized, 

level. 

i -

Add it ional coreaI icy 

attributable to fer 

tilization «tien con-

troL aorcalic*/ is 

The growch response to fertilization was mixed. No clear 

patterns emerge. In P72 plantings of jack pine, for instance, fertiliz 
ation had a significant (P .01) positive effect on rourth-year total 
height, sites and sequential plantings (one to five only) over all, but 
in P73 plantings fertilized trees did not do as well as control trees 
although the effect was not significant. In the P72 plantings of 
spruces, the effect of fertilization on fourth-year total height was not 
significant, but in the P73 plantings, fertilization had a significant 

(? 01) negative effect on both spruces (Fig. 42). Mean annual heignt 

increments for the first through fourth years (Fig. 43) also show no 

consistent pattern. 

When the P72 results are separated into sequential plantings, 
however fertilization can be seen to have become increasingly detri 
mental to height growth with increasing lateness of planting, in _terms 

of both total height after four years (Fig. 44) and annual height mere 

raent (Fig. 45). Similar indications are given by the P73 data for mdi 

vidual sites (Fig. 46) . 
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Figure 42. Mean total height after 4 growing seasons, over all (sites 

and sequential plantings 1 through 5 combined, tilling ex 

cluded) by year of planting (?72 and P73 only), species, and 

fertilization treatment. P72, etc. = planted in 1972, etc., 

jP = jack pine, b3 = black spruce, wS = white spruce. Low 

fercilization treatment (Lo) =■ 43 kg/ha Sf, 19 kg/ha P, and 

36 kg/ha K; high fertilisation treatment (Hi) = double the 

low rate. ** ■ significant (? .01) effect of fertilization. 
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Mean annual h£ight: increment, 1st through 4Ch growing 
3onS after outplanting, over all (sxtes and sequential 
planting, 1 through 5 combined, tilling excludad) by year of 
planting (?72 and P73 only), specias, and fertilization 
Illicit. P72, etc = planted in 1972, etc., jP = jack 
pine, bS = black spruce, wS = white spruce. Lw t*ttili*ar 
lion treat^nc (La) = 43 kg/ha N, 19 kg/ha P, atid 36 kg ha 
K: hi-h fertilisation treatment (Hi) = double the low rate. 

* **^ and *** = significant effecc (P = .05, .01, and .001, 
respectively) on heigh, increment in indicated year or ob-

servation. 
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P72 mean annual height increment, 1st through 4th growing 
seasons after outplanting (sites combined) by selected se 
quential plantings, species, and fertilization treatment. 
P72 = planted in 1972; jP = jack pine, bS = black spruce, 

and *S = white spruce. Low fertilization treatment Uo) -

43 kg/ha N, 19 kg/ha P, and 35 kg/ha K; high 

treatment (Hi) = double the low rate. 
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Figure 46. P73 mean annual height increment, 1st: through 4ch . 

seasons, by (a) 3udd5 (b), Fawn, (c) Dalton, selected se 
quential plantings, species, and fertilization treatment 

P73 - pUnced in 1973; jP = jack ?ine, bS = black spruce, 

and wS = white spruce. Low fertilization tr^atTnent (Lo) = 
43 kg/ha » 19 kg/ha P, and 36 kg/ha K; high fertilization 
treatment (Hi) = double the low raCe. 
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The effect on growth of the fertilization treatments may be 

summed up thus: inconsistent, small, and unpromising. On •**«•««■ 
in other years, and especially with less severely stressed p an ng 
stock, some sort of fertilization might be more successful, but similar 
resul s were reported by Leikola and Rikala (1974), who applied seven 
different treatments to one-tree plots of Scots pine_ and Norway spruce 

on various sites throughout Finland, and found that, in general, fertil 
ization increased mortality in both species and that, at least during 
the first five growing seasons, neither height increment nor diameter 

increment was affected. 

4.26 TILLING 

Tilling, included as a variable only in the P73 plantings, 

generally improved survival but by no means consistently (Table 36). 
It was mainly disadvantageous in sandy soils that were dry aC the time 
of planting and that therefore could not be properly firmed around the 

root systems of the outplants. 

Table 36. Differential survival in favor of tilling compared with no 
tilling, by site, species, and P73 sequential planting, after 

one and four growing seasons. 



115 

With sequential planting included as a factor, tilling in sev 

eral cases interacted significantly wich other factors with respect to 

survival (Table 37). In such cases, discussion of tilling as a main 

effect is rendered inappropriate, but in two instances, viz., first-year 

survival in black spruce at Dalton and white spruce at Fawn, there were 

no significant interactions, and here the effect of tilling was signif 

icantly beneficial. As might be expected, the effect of tilling on sur 

vival tended to decline with time. 

Table 37. Significance of effects of sequential planting 

date, fertilization, and tilling, by species and 

site, on survival after 1 and 4 years. 

P = Sequential planting date, F = Fertilization, 

T = Tilling. 

Arrows indicate significance at the P .05 (4-), P .01 (I-4-), 

and P .001 (+4-4-) levels respectively. Arrows that point 

downwards indicate decreased survival; arrows that point 

upwards indicate increased survival. 
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In treatments noc involving fertilizaCion, the effect or till-
in, on -rowth was small and, in jack pine and black spruce, as_ often 
negative as positive (Table 38). In white spruce, the effect or till-
in^ though small, was always positive at all levels of fertilization 
and for mean annual height increments in each of the firs: four years 

after outplanting as well as for total height after four years. 

Table 3d. Bi|f»«ticUt :ean height Lncrenencs (years I through 4) and aean ratal 
heights in favor of Billing compared -Jit* no tilling, sequential plantins 
1 through 5 ind sices over all, by species and ;ercilizat ion creacmenc. 

The effect of tilling in the fertilisation treatments was, with 

out exception, beneficial in all three species, although the mean dif 

ferentials ([low race differential + high rate differential] * 2) ware 
small: 0.44 cth, 0.28 cm, 1.82 cm, ar.d 3.35 cm in the first- ^through 

fourth-year mean annual height increments, respectively, and 6.75 cth in 
fourth-year total height in jack pine; differentials wers much lower in 

the spruces. 

Interaction between tilling and fertilization is negligible 

when sequential plantings are considered over all (Table 39). White 

spruce responded to tilling more than did the other species:^ white 
spruce showed significant positive responses in mean annual height in 
crement in each of the secondJ third, and fourth years as well as in 
total height after four years. The incremental amounts were of course 

small. 

In summary, tilling generally improved survival and growth, but 

not by much, and the effect was achieved mainly in consequence of amel 

ioration of the adverse effects of other treatments 
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Table 39. Signilieanea oz tilling and fertilization for rcear. heig&e L-c:ia 

for years L-4 and -nean cotal nsijac af:sr four years, sequential 

plantings CI-5) over all, by species. 

NS = not: iistiirican:; *, *", and *•* ■ iijTiifleant 3C ? .05, ? .01, ar.d 

? .301 levels, respectively. 

5, SUMMARY AND CONCLUSIONS 

Nine sequential out plant ings per year were carried out with 2+0 

jack pine, 3+0 black spruce, and 3+0 white spruce shipping-run, spring-

lifted, cold-stored, bars-root stock, in the boreal forest of Ontario at 

intervals of two weeks through the growing seasons of 1971, 1972, and 

1973 after the close of the conventional planting season. The trees 

were planted on three sites (two sandy outwash sites and a mixedwood 

till site) a year, and various fertilization and tilling treatments were 

applied. The objective was to determine the extent to which the conven 

tional planting season may be extended in normal operational plantings 

by the use of such stock. A fully randomized factorial experimental 

design was used, with 3 years of planting x 3 sites x 9 planting dates 

of sequential planting x 3 species x 3 levels of M?K fertilization x 2 

weed control or tilling treatments x 5 replications, in 20-tree plots, 

for a total of 145,800 trees, The results of the first four years after 

outplanting are reported here. 

The main features of the out plantation performance are dominated 

by the effect of sequential planting date: reasonably good survival for 

the first one or two out plant ings up Co about the end of July, a rapid 

decline In survival thereafter, parallel behavior in terms of height 

growth of survivors, i.e., the poorer the survival rate, the poorer the 

growth rate of survivors; much more rapid growth in jack pine than in 

the spruces, and the superior height growth rate of black spruce over 

white spruce. There was no sign of stock being able to endure storage 

(of the kind used) long enough to be outplanted in late summer or fall, 

then to survive in natural cold storage until the following soring. In 

broad terras, the first- through fourth-year results were remarkably 
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similar for all sites and for all years of establishment. This would 
seem to indicate that deterioration of planting stock in storage was the 
main determining factor. Evidence from the literature suggests strongly 
chat especially with the spruces, the planting season could most effec 
tively be extended by using late-fall-lifted, cold-stored stock during 
the first part of the season, then, once the fresh planting stock in the 
nursery has passed through the period of most active shoot extension, 

changing to fresh-lift/quick-plant procedures. 

Considerable improvement in the results obtained in the present 

study should be possible with improved storage practice, but the mam 

conclusions would probably not require revision. 

Time of lifting, whether the stock is to be planted fresh or 

after storage, is another maior factor determining the outcome of out-
plantings. Once the physiological interactions between lifting date, 

storage environment, and planting environment have been ascertained, the 

potential for extending the planting season and for improving the re 

sults from plantings in the conventional planting season should be good. 

Fertilization, as carried out in this study, was clearly unsuc 

cessful. It significantly decreased survival, and, except for some of 
the early sequential plantings, also had a negative effect on height 

increment. 

Tilling was modestly beneficial, mainly because it relieved some 

of the adverse effects of fertilization. 

The study shows that spring-lifted, shipping-run, bare-root 

stock, even after primitive cold storage, may be used to extend the 
planting season in boreal Ontario until the end of July. 
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APPENDICES 



APPENDIX A. Till site flora. 

The lesser vegetation on the till soils in the study included" 
wild sarsapanlla (AvaUa nudicaulis L.), ciliate aster (Aster ailiola-
tus Lxndl.), large-leaved aster M. macrophyllus L.), corn-lily (CZwi-
toma boreaHs [Ait.] Raf.), goldthread (Coptis groenlandiaa [Oeder] 
Fern.), bunchberry (Cormts aanadensis L.), bush-honeysuckle (Diervilla 
lomaeva Mill.), sweet-scented bedstraw (Galiwn triflorum Michx.), twin-
flower (hinnaea borsalis var. amei-iaana [Forbes] Rehd.), fly-honey 
suckle (Lonicera oanadensis Bartr.), wild lily-of-the-valley (Maianth-
emum aanadense Desf.), bishop's cap (Mitella nuda L. ) , bracken (Ptevid-
zum aquilinum [L.] Kuhn), one-sided wintergreen (Pyrola secundaL.), 
greenish wintergreen (P. virens Schweigger), raspberry (Rubus Idaeu's 
var. strigosus [Michx.] Maxim., twisted-stalk (Stveptopus roseus 
Michx.), star-flower (Trzentalis borealis Raf.), and kidney-leaved 
violet (Viola renifolla Gray) in the ground layer, as well as some 
grasses, including Oryzopsis aanadsnsis (Poir.) Torr. and Paniaum aolum-
bianum Scribn. 



APPENDIX 3. Basic data used if. waaEhftr summaries. 

EHAPtEAU REGION PRECIPITATION 

(a) Precipitation Csn), monthly April through October and total Hay through September 

1972 Eiscocasing 44.45 73.66 56.93 90.53 177.80 57.15 33.76 453.47 

Cnapleau 14.64 80.7? 81.28 116.08 i78,O5 8 7.33 53.34 543^56 
Foleye; - 90.17 61.96 119.13 47.50 60,71 27.69 379.49 

Mean 34.51 81.53 67.40 108.71 134.45 6S.41 38.27 460.55 

1973 Chapleau 39.88 SB.90 123.5 2 108.71 42.94 9 7.28 56.39 467.35 

Foleyet 

Kamsay 

Mean 39.88 82.17 128.52 38.01 65.15 79.25 51.94 443.1 

(.So data for Siscocasing) 

1974 Chapleau 

Ramsay 

Mean 72.90 59.69 7 9.12 54.74 87.12 118.36 87.88 399.03 

(No data for Siscotasing or Foleyet) 

1975 Chapleau 

Ramsay 

Hear. 70.24 153.92 8 7. 12 22.60 40.13 J21 .54 59.56 4 25.31 

(Mo data for Biscotasing or Joleyet) 

1976 p.amsay 62.30 74.17 37.08 64.26 67.06 104.65 53.93 347.22 

(No data for Biscotasing, Chapleau or Foleyec) 

(b) Precipitation (ram), differences from normal 

Period 

Year Station Apr May June July Aug Sept Oct Hay-Sept 

1971 Biscotasing -S.13 25.91 -46.99 

Chapleau -13.72 67.31 24.39 

"oleyet - 24.89 -29.21 

Hear. -10.92 39.37 -17. 10 -23.03 -9.65 -14.82 11.18 -25.23 



iHo data :ii 

1975 Cnaolsau 



APSSSDM 3. 3asic da;a mi ia *ai:her ira=Jr;s5 Ufltt'O 

(a] ?reci?i:ac;on ( —) , sKSnchly AprH ShrougSi Occobar and :jcil -ay (JuTOsigtl 3ap(«jfaer 

Period 

1974 Baoieonwadga 75.30 43.26 30.25 95.01 190.25 102.11 73 91 }yj 39 

Hornepayrve 73.56 73.99 54.36 53.55 91.69 35.34 54. ;0 364^47 

"ean 7i-?:i 53.52 =7.56 74.30 140.97 93.73 54.00 440.53 

1975 taitau«a«Jg« 39-12 32-77 1:2.43 34.30 29.72 70.35 i'- 55 290 08 
Hornepayaa 20.J3 74.17 51 . j 1 36.13 28.19 - 44.4j 

29.98 53.47 S6.37 S3.46 28.96 70.36 79.50 235.12 

1976 MSfti.C0uua«fg« 44. i5 4.32 113.5! 55.35 34.3 6 7 2.54 

Period 

da£i Eor Mani:j 

1972 Hornepayoe -37.08 -27.43 -24.42 25.6; -17.02 -17.75 -!3.'l -:l^o 

i^o daca sor ^ar.i^ouwaajsJ 

197] aaniE«uwaisa -12.iH -2.03 -15.51 -2.79 -23.37 13.56 -<i '■& -2J '■ 
■iarnepayTie -34.01 -21.34 32.26 3.13 -I8.3Q 1.73 -H." "^03 

Mean -23.07 -LI.68 7.33 2.57 -21.03 10.57 -24.CO -li.j^ 

1974 Hani:=uwadgs 19.30 -30.43 -II.S3 19.30 95.52 2.03 4 06 "5 59 

Soraapayae 24.54 7.37 -21.38 -22.3: 20.32 i.:7 -3^9 -14'73 

(=sn='d.) 



(No daca £^r Chapleao or Foleys! 



APPESD1X 2. Basic data BSad La aeachet sumnariis (conc'd. 

(S) Absolute aonthly aasciauo :;ipe:i:ur» CC) 

(No data for Chaplaau or Foieyec) 

(c) Absolute monthly aininun :scpe.-i:u:? (* 

Year Station Apr May Juna July Ayj 3e?c 0=c 

1J7L 3ii<:c!C3sir.s -21.7 -7.3 -2.2 l.i -2.3 -l.i -i. 4 

Chapleau "E9.4 -5.1 0.5 5.0 0.0 -0.5 -2.2 

"olej-st -L9.4 -7.3 -J.I 1.7 -1.8 -2.2 -5 'g 

Mean -20.2 -7.2 -1.5 2.6 -1.9 -1.3 -3.9 

(cone'd.) 



APPENDIX 3. Basic data used VB 

(Ho daca for Chapleau or F 

(d) Maan daUy Cemperacuts 



a??esd:x 3. sasic data used ia ugaehet rawearina (aane'd.3 

(d) .'■{aan daily ;>npsn:u;; C'O . diriarar.ca :rcn namal 

Period 

" Ape May Jvine July Atiz 3^s; Qc-

1974 Chaplsau -i.5 -2.1 0.1 0.3 0.3 -2.4 -] g 

Ramsay -1.1 -2.: 0.0 0.3 -0.3 -l.i -3*3 

««" "1.3 "2.2 0.0 0.6 0.0 -l.s -2.5 

(Jio daca for "oiayecl 

1975 ChapUau -3.2 3.7 1.6 2.4 1.5 -o.3 [.; 

Ramsay -3.i i.O 1.2 0.9 0.9 -1.6 -0.4 

y-ssn -1.2 3.3 1.4 1.6 1.4 -1.; a~T 

(ifo data Ear ~oley»:l 

1975 Ramsay 1.2 -0.9 3.g 0.6 0.2 -1.3 

Co daca for Chapl=au 37 Polayat) 

y.i_\TIt0UWADCc SffiGIffl) TEMP^EUT'jaii 

fa) Mean daily tenperafjrs CO, canciily April trough Occaber 

Period 

iiit naaieDuHaase -u.a :i.r i4.o 16.5 13.5 5.: 2 7 

Hornapayr.e -3.9 10.9 13.0 15.2 14.0 7.5 2.2 

Mean -2.2 11.3 13.5 15.3 14.3 3.i :.i 

1973 Mani:o ow ad ga 1.5 7.-. 14.5 17.5 13.7 ;03 31 

nornepayne 0.3 7.5 !3.9 15.5 16.2 U.g 7*9 

Kean 1.0 7.5 14.2 15.5 17.4 U.i To" 

L -7- iteiteaBwadgs -0.7 5.3 14.1 :3.0 15.4 7.7 2.3 
Homepage -6.3 7.3 14.3 17.7 17.7 l.L 2.2 

"e = " -3-S 7.0 14.2 17.3 1&.g To 2~T 

(con:rd. 



,j in ■.-i!a:he7 summaries fcooc'4.1 



3. Basic data .jsad in ireaChec 3j==arii3 (eoae'd.) 

Cc) Absoluts aottcSil/ aip.inura t^p^rs :■.::? CO 

Period 

19 72 Kaaiiouwadga -30.0 -11.1 -1.3 -1.1 Q.fl -2.3 -11.1 

Horr.epayne -30.0 -5.5 -i.4 -1.7 -0.5 -5.0 -12.3 

Xaan -30.0 -3.4 -3.3 -1.4 0.0 -3.9 -12.0 

19 73 Manirouuadgi -15.1 -3.3 -1.1 5.0 5.0 -2.2 -3.3 

*a -16.7 -2.3 -2.2 3.9 2.2 -3.3 -3.9 

Mean -15.i -3.3 -l.i 4.i 3.6 -2.3 -3.; 

1974 Manicou^adj- -27.3 -13.3 1.7 5.5 1.7 -5.5 -10.5 

HorrtSpajTH! -26.1 -5.0 4.6 i.i 1.1 -3.3 -9.4 

^ean -27.0 -9.2 3.0 5.0 1.4 -5.3 -10.0 

1975 Hanitouwadge -22.3 -3.9 1.7 i.4 2.2 -3.9 -3.9 

Hcrnepayne -23.9 -6.7 0.6 3.3 3.3 - -3.3 

H8M -23.4 -5.3 1.2 3.3 8.8 -3.9 -3.6 

19T6 Kanieouuadge -13.9 -4.4 2,3 5.3 -O.i -1.2 -3 9 

li.s -23.3 -S.I d.i ■ .Q -2.1 -2.3 -7,3 

-13.6 -5.2 1.7 5.3 -1.4 -l.i -J.i 

(d) Mean daily :er:parai'jra (™C), 

May June July Auf 3e=; Oc: 

1971 :-:Qrn^?3;.T.s 0.7 0.9 0.3 -3.9 -2.6 |,J 3.3 

(Mo da-a for >!a^i;ot;uad5=} 

1972 SoTBapayne -2.7 3.9 -0.6 -1.: -0.7 -2,3 -1.7 

(No daca for Mani'ouvadga) 

1973 Haniioiwadgi: 0.6 -0.7 0.2 0.1 2.9 0.1 2.9 

iior^epayne 0.1 . 0.4 0.7 -0.3 1.9 l'.l 3! 3 

Me3r* 0.4 -0.2 0.4 -0.; 2.4 1.2 3ii 

(cone'd.) 
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