


INDIVIDUALLY SPECIFIC EFFECTS OF COLD STRATIFICATION 

UroN GERMINATION OF GEOGRAPHICALLY DISTIl'{;T 

SEED LOTS OF ALBERTA VHITE SmUCE 

by 

N. V. 3hi vanagi 1 and D. Hooking2 

INJ.'RODUCTION 

The seed of white spruce is generally believed. to be dormant, 

requiring some form of pretreatment to achieve rapid and complete ger-

mination when sown. 

At the Provinoial Tree Nursery, Oliver, Alberta, white spruoe 

seed has been subjected to cold, moist stratification for 90 days prior 

to spring seeding, in accordance with widely-followed practice. 

Variation in resulting seedbed stands suggested that g~ographi-

oally distinct local seed lots may differ in their requirements ·for stra-

tification. Furthermore, recent research results question the need for 

any stratification at all (Heit 1961, Hellum 1968). 

This led the Alberta Forest Service to design the following ex-

periment, which was set up and conducted by N. V. Shivanagi and appraised 

by D. Hooking. 

1 Forest Officer, Vest Coast Paper Mills Ltd., Bangurnagar, Dandeli, 
Mysore St., India. Formerly: Technician, Alberta Dept. of Lands 
and Forests, Edmonton, Alberta. 

2 Researoh Scientist, Canada Dept. of Forestry and Rural Development, 
Edmonton, Alberta. 
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MATERIALS AND METHODS 

Twenty-two seed lots were tested; including one to four lots 

from each of Alberta's eleven main Forests. Four replicates of 100 seeds 

each from each seed lot were stratified at 40OF. in moist peat in plastic 

bags J for periods up to 90 days at 10 day interyals. 

Following stratification, one replicate from each seed lot/stra

tification period combination was sown in the greenhouse and the remaining 

three were placed into laboratory germinators, complete with the moist 

peat. The non-stratified checks in the germinators were placed on moist 

paper towels rather than moist peat. 

Greenhouse temperatures during the course of germination ranged 

from 600 to 74OF. and normal daylight (8 hrs. daily) prevaUed. Germinator 

temperatures were controlled at 650 to 70OF., and lighting at 200 to 280 f.c. 

tor 18 hours daily. 

RESULTS 

Full numerical data are deposited in the Alberta Forest Service 

Library, Edmonton. Because of slight differences in conditions among the 

germinators, only averages and trends will be given in this report. 

1 • Total germination. 

No single stratification period increased total germination for 

all or even for most seed lots. There is no clear treatment pattern in 

the germinator or in the greenhouse data. 

Considering each replicate per seed lot and stratification period 
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combination as a separate trial, no stratification period tested increased 

gormination by 5% or more in even as many as half of the trials, and most 

in not even a third (Table 1). On the contrary, stratification for a~ of 

the periods tested decreased germination by 5% or more in an overall average 

of more than half the trials. At 70 days and 80 days more trials showed 

an increase than a decrease but only in the greenhouse. 

Every seed lot except one showed a peak germination total in at 

least one trial after some stratification. The increases over germination 

totals of non-stratified seed averaged 12% and ranged from 5 to 23%. The 

optimum stratification periods were distributed as shown in TaQle 2. 

However, only 2 of the peaks were corroborated in a second trial. 

That is, nearly all peaks were represented by a single uncorroborated trial. 

In every case, when the replicate trials of the same seed lot at the peak 

stratification period are averaged, the result is a net decrease in total 

germination. 

Seventy-five percent of the peaks were in the greenhouse trial, 

but these again are single trials only for each seed lot. As greenhouse 

conditions more closely approximate seedbed conditions than do the germina

tors, the increases observed after stratification might be more likely to 

occur with regularity in the seedbed. 

On the other hand, there is a tendency for severe moisture fluc

tuations to occur in seedbeds in practice, which could lead to irregularities 

and germination failure. Furthermore, as a germinator result in only one 

trial out of 39 agreed with a peak found in the greenhouse trial, it would 

be impossible to predict confidently from a germinator test, what strati-



TABLE 11 Effects of cold stratification upon total germination. 

% of trials % of trials 
showing an shoving a 

increase of 5% decrease of 5% 
Stratification or more over or more over % trials 

period non-stratified non-stratified Net decrease 

(days) u~eJmouse. ~~II1i~~or gre.enD.Q\1se gerll!ina1ior greenhouse germinator 

• 10 21 10 50 .30 29 20 
...:t 20 21 10 .33 70 12 60 
I .30 16 5 46 75 30 70 

40 25 20 55 55 30 .30 
50 .37 20 46 55 9 30 
60 .37 25 50 50 1.3 25 
70 46 5 25 65 -21 60 
80 29 25 25 40 -4 15 
90 .3.3 10 46 70 13 60 

Average 29 14 44 62 12 41 

Total number of trials: 792 
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TABLE 21 Distribution of optimum stratification periods 

Stratification 
period 

10 
20 
30 
40 
50 
60 
70 
80 
90 

No. of seed lots 
showing a peak in 
one or more trials 

o 
3 
3 
1 
2 
3 
3 
2 
1 

fication period would yield optimum germination in the greenhouse or seed-

bed. Thus a satisfactory test for purposes of prescription of stratification 

period and sowing density would have to be based on greenhouse trials; and, 

as indicated by the scatter of optimum periods, would have to extend over a 

full 90 days. There is no regular trend in results for any seed lot or 

stratification period or for geographical groups of seed lots. 

2. Rates of germination: i.e. days required to go from 10% to 

90% of total germination. 

The data for 12 seed lots have the results shOW'n in Table 3. When 

analyzed according to period of stratification, there is a mild trend towards 

faster germination with increasing time of stratification up to th~ 90 days 

tested. 

When analyzed according to seed lots and all stratification periods, 

marked differences become apparent among the seed lots. Some (FL 60-27, RH 

61-97, RH 61-152, and A-80) showed markedly faster germination after strati-
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TABLE 3: Days required to go from 10 to 90% of total germina ti on following 

various periods of cold stratification. 

According to Period of Stratification. (Total No. of trials: 36 at each 

Stratification period). 

Days 
Stratification 

10 
20 
30 
40 
50 
60 
70 
80 
90 

No. of seed lot 
trials showing
significant 
decrease 

7 
9 
9 
9 

11 
14 
10 
12 
14 

No. of seed lot 
trials showing 
significant 
increase 

10. 
12 
12 
13 
12 
6 

12 
9 
9 

According to seed lot. (Total No. of trials: 27 for each seed lot). 

Seed lot 

lR 64-115 
FL 60-27 
FL 60-26 
RH 61-99 
RH 61-97 
RH 60-18 
RH 61-152 
SL 64-41 
8L 64-42 
5L 64-45 
A 17 
A 80 

No. of stratification 
trials showing 
significant 
decrease 

9 
14 
7 
2 

14 
3 

13 
7 

10 
4 
3 

11 

No. of stratification 
trials showing 

significant 
increase 

8 
4 
9 

10 
3 

13 
4 
8 
8 

13 
13 

2 
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fication. Others (RH 61-99, RH 60-18, SL 64-45, A 17) showed m~rkedly 

slower germination after stratification. 

If data for each seed lot are analyzed for separate stratification 

periods, no trends or peaks are apparent. If data for seed lots are geo-

graphically grouped for analysis, there are no trends or peaks. 

J. The data from the greenhouse trials, while not yielding se-

parate information on rate or time of germination, can be analyzed for a com-

bination of these effects by assessing the number of days taken to reach 90% 

of the total germination. An analysis of data for a sample of 12 seed lots 

is shown in Table 4. 

There is regularly faster germination after stratification, with 

very few anomalous results. Among seed lots, the time taken to reach 90% of 

total gennination is reduced by an average of from 0 to 5 days by strati-

fication for any period. Analysis according to stratification period shows 

an overall mild trend towards faster germination with increasing stratification 

period I but for any single seed lot, the trend is not regular. Analysis 

according to geographically grouped seed lots yields no additional trends. 

DISCUSSION 

Descriptions of seed lots in Alberta include elevation and legal 

sub-division of the collection area; usually smaller than 40 acres. Thus 

every seed lot is sharply defined in terms of source, although source trees 

are at present usually felled and not available for further seed collection. 

This sharp definition of seed lots arises from recognition of close adaptations 

to local conditions by local tree populations. Such recognition is further 

. 
'\ 



TABLE 4: Days required to reach 90% of total germination 

(Greenhouse trials) 

Seed Lot 

Days EnS EDS GP GP GP BR BR CRN CRN CRN FeR ICa Stratification 
period 60-35 63 64-37 64-35 64-152 64-282 62-59 62-277 60-4 62-13 59-103 64-105 Average 

10 8 15 10 11 10 9 10 14 15 11 10 10 11 
20 10 12 10 9 9 11 14 11 14 10 10 10 11 
30 10 9 9 11 8 9 8 11 11 10 12 9 10 
40 10 13 10 10 11 9 10 11 9 10 9 15 11 
50 8 12 9 9 9 16 9 14 18 8 10 10 11 
60 8 10 9 9 9 9 9 12 10 9 9 9 9 
70 10 11 8 10 9 8 8 11 12 11 8 9 9 
80 9 9 9 8 10 10 10 10 12 11 10 9 9 
90 9 11 12 9 9 8 10 10 11 10 8 12 10 I» 

I 

Average for 
lot stratification 9 12 10 9 9 10 10 12 12 10 10 10 

Not stratified 10 15 11 13 9 15 10 16 15 13 11 13 13 
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expressed in the limitation of seed utilization to areas within 500 feet 

elevation and 50 miles radius of the collection site. 

Geographically separated populations of white spruce have shown 

sufficiently different characters for four varieties to be authoritatively 

recognized a 

1. ~ glauca (Moench) Voss var. glauca (type). 

2. f. glauca var. densata, common name Black Hills Spruce (Heit 1961, 

without author citation). 

3. f. glauca var. albertiana (S. Brown) Sarg., also sometimes called 

Black Hills Spruce, but more often Alberta or Western White Spruce. 

4. f. glauca var. porsildii Raup., called Porsild Spruce (3 & 4, 

Moss 1959). 

The problem of characterizing local populations is complicated by 

a range distribution overlap and hybridization with Engelmann Spruce (f. 

engelmannii Parry), described by Moss (1959) as "intergrading", and treated 

in detail as sub-species of f. glauca by Taylor (1959). Garman (1957) finds 

intermediate types amongst all three of white spruce, Engelmann spruce, and 

sitka spruce. Horton (1959) authoritatively outlines distinct Engelmann and 

White Spruce types and considers the variety albertiana to be a hybrid swarm 

of intermediates ranging from one type to the other. 

The present results are marked by the large and important differ

ences in response to stratification among seed lots. These might be explained 

in part by postulating differences among locally-adapted seed sources, but 

there is no geographical grouping among the seed lots. This is unexpected, 

in view of the existence in several other tree species of well-defined clinal 
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responses to stratification of provenances separated in latitude (Olson 

et ale 1959, Allen 1960, Mergen 1963, Fowler and Dwight 1964, Wilcox 1968). 

The lack of clinal response in white spruce might be explained in part by the 

distribution of varieties and closely-related species, complicated by 

hybridizations. 

Besides the effects of local population adaptations, many other 

factors can affect seed dormancy and need for stratification. Among other 

factors are seed "ripeness" or stage of maturity, handling and exposure of 

cones during transport and storage, temperature and other factors during 

extraction of seed from the cones, and storage time and temperature of ex

tracted seed (Allen 1958). That these other factors play an important role 

here is shown in the large differences among seed lots from. the same forest 

regions. 

Until much better knowledge is obtained of the effects of outside 

factors and better control over them developed, every seed lot can be ex

pected to be different in its stratification requirement. In the meantime, 

if facilities permit, it might be possible to improve significantly the per

formance of some poor and mediocre seed lots through carefully determined 

stratification. For better seed lots, however, it seems practical to abandon 

stratification in its routine form. 

GENERAL CONCLUSIONS 

1. All conclusions are tentative due to slight differences in 

conditions among germinators. 

2. An average increase of 12% in total germination might be 

obtainable by stratification, but only at periods highly specific for each 
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seed lot and difficult and time-consuming to determine. 

3. The rate of germination might be increased or decreased for 

any g1"en seed lot, by an average of about 2 days more or less to go from 

10% to 90% of total germination. There is a mild trend towards faster 

germination with increasing time of stratification. 

4. The time before germination begins tends to be reduc~d by an 

average of 2! days for any period of stratification. Seed lots varied 1n-

dividually from 0 to 5 days. 

5. There was no apparent consistent geographical effect; that is, 

there was considerable variation in degree of any effect upon seed lots from 

within the same forest region. This. applies to southerly and to northerly 

;regions. 

6. In practice, it might be worthwhile to test poor and mediocre 

seed lots for stratification, but good seed lots should be used without 

stratification. 
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