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ABSTRACT 

Osmotic priming increased the vigor, speed, and in some cases uniformity of 

black spruce (Picea mriana [Mill-] B.S.P.) germination, particularly at low 
temperatures. The test priming treatments decreased the time to 50% gemination 

(T50) by 14 days at 10°C germination temperature, by 3 days at 21t, and by 5 
days at 32DC. " Seed treatment had no adverse effect on germination capacity or 

seedling development. Osmotically primed seed can be stored at low temperatures 

(0.5°C) and rmisture contents (6%) for up to 56 days and still retain most of 
the benefits of priming- However, storage for longer periods or at higher temp 

eratures and moisture contents may reduce seed quality. Forty-eight priming 

combinations of soaking time, temperature and solute concentration, and 4 seed-

lots, were tested. 

RESUME 

Le pretraite-iient des graines d'epinette noire [Picea rnariana. [Mill..] 

B.S.P.) en presence d'agents osmotiques a accru la vigueur, la rapidite et, dans 

ce-tains cas, l'unifomiite de leur germination, specialement aux basses tempera 

tures. Avec les meilleurs traitements, le temps necessaire i»ur obtenir la 

germination de 50% des graines (T50) a ete reduit de 14 jours a 10DC, de 3 jours 

a 21°C et de 5 jours a 32°C. On n'a pas observe d'alteration de la faculte 

germinative et du developpement des semis. Apres leur pretraitement, les 

graines peuvent etre conserves a de basses temperatures (0.5°C) et scus une 

faible humidite {6%) jusqu'a 56 jours et conserver la majeure partie des avan-

tages da pretraitement. Toutefois, une conservation plus longue ou sous une 

temperature et une humidite plus elevees peut entrainer une perte de ^alite des 

sentences- Les essais ant porte sur 48 combinaisons de conditions de pretraite 

ment (duree de trempage, temperature et concentration de solute) et 4 lots do 

graines. 
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INTRODDCTION 

Germination of black spruce (Picea mariana [Mill.] B.S.P.) seed on horeal 

forest cutovers and in northern Ontario nurseries can be slow, uneven and 
erratic. In nursery tods resulting differences in the duration of first-year 

growth contribute to stock variability, and consequently to problem with 
culling and stock handling (Skeates 1980). On cutover sites delays in gennma-

tion increase the risk of seed destruction or loss of viability through rroisture 

stress, temperature extrerres, seed burial and seed predation. As well, seeds 

germinating later in the growing season ray produce smaller first-year seedlings 
less capable of withstanding high temperatures, drought, frost heaving and com 

petition from surrounding vegetation (Larson 1963). 

Osmotic priming2 (Heydecker 1974) has considerable potential as a treatment 

to irrprove the germinative speed and/or capacity of tree seed. Studies have 
shown that it can promote rapid, synchronous germination of agricultural spe 

cies, is relatively inexpensive and simple to apply, and is adaptable to differ 

ent situations (Heydecker et al. 1973, 1975, Salter and Darby 1976, Bodsworth 

and Bewley 1981, Khan et al. 1981). 

Osmotic priming involves imbibing seeds in an aqueous polyethylene glycol 

(PEG) solution of a given negative solute water potential. Through control of 

solute concentration, temperature and duration of soaking, the seed is permitted 

to undertake initial germination processes such as the mobilization of food re 

serves, RNA synthesis and accumulation (Coolbear et al. 1980), and the formation 

of enzyme systems, but not to begin radicle emergence. If we assume that these 

initial processes are irreversible, more rapid germination should occur when 

seeds are 'primed1 before sowing. More uniform germination nay also result if 

variations in germination rate largely reflect differences in the time needed to 

complete these early stages (Heydecker 1974). 

This report outlines the effects of osmotic priming on germination and 

early seedling growth of black spruce under controlled conditions. 

METHODS AND RESULTS 

A series of five experiments was carried out to examine the effects of 

osmotic priming. Procedures comrron to all or several experiments are reported 

in the next section. Results and any additional information on procedures are 

reported separately for each experiment. 

General Methods and Materials 

Seed was obtained from the Ontario Tree Seed Plant as bulk seedlots, ident 

ified by site region (Hills 1960) and collection number. Seeds were surface 

sterilized by immersion in a 16.7% Javex solution (1% solution of active Cl ) 

for 10 seconds, rinsed, and air-dried overnight before treatment or, in the case 

of controls, before sowing. 

1 The terns 'osmotic priming1 and 'priming1 are used interchangeably in this, report. 



- 2 -

Four 100-seed replicates were used per treatment in all controlled-
temperature germination trials. Seeds were placed on saturated, short-grain 
black germination paper overlying bleached Kimpak3 in covered, sterilized petri 
dishes and were incubated under low-level incandescent light at constant (+ 
0.5 C) cardinal germination temperatures for black spruce (Fraser 1970). A seed 
was considered germinated when the radicle reached 2 mm in length or in the 

case of sowing on peat-vermiculite mixtures, when the seed coat was freely sus 
pended above the surface. Germination was tallied daily for 28 days at 21°C and 
32 C, and for 45 days at io"c, after which cut tests uere performed on all seeds 
that had not geminated to determine whether they were full, empty or damaged. 

in growth chamber and greenhouse experiments six 50-seed replicates were 

used per treatment. Seeds were surface sown on a 2:1 peat-vermiculite mixture, 
lightly top dressed with silica grit, and moistened daily. Greenhouse tempera 
tures at bench level ranged from 21-23°C (day) to 1S-20°C (night). The green 
house bench and the growth chamber were lighted 16 hours a day. Seedlings were 

fertilized every second day with 50 ppm of 20-20-20 NPK fertilizer after they 
had developed primary needles. 

Priming involved placing seeds in covered circular petri dishes containing 
three No. 1 Whatman filter papers presoaked with 6 ml of solutions containing 
various concentrations of polyethylene glycol (PEG 6000). Solute water poten 

tials were calculated according to Michel and Kaufmann (1973). The dishes were 
placed in covered glass jars containing a small amount of water to reduce evapo 

ration, and incubated at 10, 15 or 20°C with low-level, continuous incandescent 
lighting for 3, 7, 14 or 28 days. The seeds were then rinsed with distilled 
water and air dried 24 hours at room temperature before sowing. 

The effects of treatment on germination were examined in terms of germina-
tive capacity (the percentage of sound seed that germinated), uniformity of 

effective germination (time from the beginning of germination until 90% of the 
viable seed had germinated), germinative speed (T50-days from sowing to 50% ger 

mination of the viable seed: the lower the value of ISO the greater the germin 

ative speed), and germinative vigor (peak value—the highest value for cumula 

tive germination/days since sowing [Czabator 1962]). 

All data were analyzed by one-way analysis of variance techniques, and in 

dividual differences between treatments were established using Tukey's multiple 

comparison test. Results are reported as mean values per treatment. 

Experiment 7. Effect of Various Priming Treatments on the Germination 
of One Seedlot 

The effectiveness of any particular priming treatment (solute concentration 

- imbibition time - soaking temperature combination) in improving germination 
characteristics depends on the species involved. Seeds of some species respond 
best to fairly dilute concentrations and/or lengthy imbibition periods, while 

those of other species require shorter periods and higher concentrations; the 

3 Mention of commarclal products and conpany trade names does not constitute endorsement 
of either by the Great Lakes Forest Research Centre. 
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optimum treatment combination must be established separately for each species, 

in this first experiment we examined a wide variety of treatment combinations to 

determine those with the greatest potential for black spruce {Table A^) . The 
combinations examined included a number that have proven successful with other 
plant species (cf . Heydecker 1974, Heydecker et al. 1973, 1974, 1975, Simak 

1976, Akalehiywot and Eewley 1977). 

None of the priming treatments tested had a meaningful effect on germina-

tive capacity, which was at least 95^ for all treatments (including controls) at 
all three germination temperatures for this high^uality seedlot from Site Re 

gion 3W (seedlot A). However, a number of treatments resulted in faster, moire 

vigorous germination at each germination temperature (Tables A1-A6). The best 

treatments also resulted in significantly more uniform germination at 10°C and 

32°C, but not at 21°C (Tables A7-A9). 

Increases in imbibition time and temperature during treatment generally had 

a positive effect on germinative speed, vigor and uniformity. The greatest ben 

efits were obtained by imbibing seed in solutions of high negative water poten 

tial for long periods at higher temperatures (i.e., -1250 kPa, 21 days, 15 C and 

-1250 kPa, 14 days, 20°C). These were treatments which allowed the seed to pro 

gress farthest towards germination without allowing radicle emergence. However, 

when conditions were too favorable the seed germinated during priming (i.e., 

-1000 kPa, 14 days, 20°C, and -1250 kPa, 21 days, 20°C). 

The best treatments decreased T50 by 3 days at 21"C, 5 days at 32°C, and 14 

days at 10°C, and improved germination uniformity by 4 days at 10°C and 32°C. 

Experiment 2. Effect of Priming Treatments on Additional Seedlots 

This second experiment was conducted to determine whether bulk seedlots of 

black spruce collected at different times and from different Ontario locations 

were likely to respond similarly to priming. Could a single priming treatment 

be used effectively with different seed collections or would priming treatments 

have to be tailor-made for each seedlot? 

Six treatments (Table 1) from Experiment 1 which improved speed and vigor 

and represent a range of solute concentration, imbibition temperature, and 

Table 1. Osmotic priming treatments used in Experiment 2. 

Imbibition 

time 

(days) 

21 

21 

14 

14 

21 

14 
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imbibition time TOre applied to three additional seedlots, few, from Ontario site 
region 3E (seedlots B, C) and one from Ontario site region 3W (seedlot D). 

None of the treatments had a meaningful effect on germinative capacity-
over 96% of the sound seed germinated in all cases. However, priming seedlots C 
and D at -1250 kPa, 20<>C, for 14 days resulted in considerable ( > 10%) p^mature 
radicle emergence. 

All other treatments promoted faster, more vigorous germination at both 

atl°n temPeratures <tables 2 *nd 3). T50 decreased by as much as 14 days 
at 10 C and 4 days at 21°C. There was Little practical difference in the uni 
formity of germination at 21°C, but at 10°C soiK priming combinations improved 
aniformity for all seedlots (Table 4). Generally the treatments which improved 
gerrmnative speed and vigor the most with these seedlots also produced the larcr-
est gains with seedlot A. 

Experiment 3. Effect of Priming on Germination and Seedling Growth Under 
Greenhouse and Growth Chamber Conditions. 

To determine whether similar improvements i_n germination characteristics 

could be obtained on a different seedbed medium and to examine early seedling 
growth, a greenhouse and growth chamber study was established using seedlot A 
Three priming treatnents were tested (treatments 3, 5 and 6 from Experiment 2) 
m petri dishes and on a peat-vermiculite mixture in a growth chamber at 20°C, 
and on peat-vermiculite in the greenhouse. 

Table 2. Experiment 2: Effect of priming treatment on T50 (days) of seedlots 
B, C, and D at 10°C and 21QC germination temperatures. 

Treatment number 

Germin. — _ — 
Untreated 

Seedlot temp. 1 2 3 4 5 6 seed 

a X indicates that at least 10% of the seeds split during priming; consequent 
ly, germination tests were not conducted. 

There is no significant difference (P - 0.05) between values with the same lower 
case letter in the same row. 
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Table 3. Experiinent 2: Effect of priming treatment on peak values of seedlots 3, 

G, and D at 10°C and 21°C germination temperatures. 

a x indicates that at least 10% of the seeds split during priming; consequently, 

germination tests were not conducted. 

There is nc significant difference (P = 0.05} between values with the same lower 

case letter in the same row. 

Table 4. Experiment 2: Effect of priming treatment on uniformity of effective 

germination (days) of seedlots B, G, and D at 10°C and 21°C germination 

temperatures-

X indicates that at least 10% of the seeds split during priming; consequently, 

germination tests were not conducted. 

There is no significant difference (P = 0.05) between values with the same lower 

case letter in the same row. 
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Findings from these studies were similar to those from the two previous 

S iTLfr^I^0^ 9ermtriative s^^d and vigor (Tables A10 and AH) bat 
nad little effect on germination capacity or uniformity at 20°C. 

.ain^f^ 3dvantage of primed seed< in te™s of faster germination, was 
mxntaiaed to the primary needle stage: seedlings developing from primed seed 
lost their seedcoats and entered the primary needle stage 3-5 dajs Tarlier 
.iowever after 10 weeks in the greenhouse the heights and dry weights (shoot and 
root) of seedlings from primed seed Wre not significantly L^ SS^ gtly iLge^ CoSSe^s 
fromolTTo nMT^ lne««Btt,«« seedlings of the sa^ replicate varied 
from 0.17 to 0.39, and were as high as 0.21 between rrean values per replicate 

SJ: ST ̂ ^^ ™S largS var«biUty i" seedling growth within and 
between replicates made it more difficult to distinguish treatment effects. 

Experiment 4. Further effects of Prying on Gemination and Seedling 

Growth Under Greenhouse and Growth Chamber Conditions 

'to investigate further the effects of priming on germination and early 
seedling growth under different conditions, a 10-week greenhouse and 14-week 
growth chamber experiment using one priming treatment (-750 kPa, 10°C 21 days) 

was conducted with seedlot A. Spring field temperatures were sinualated in the 
growth cnamber. Vfeekly mean, ^ekly mean n^™, and weekly mean minimum temp 

eratures were calculated from temperature data collected 1.3 m above the ground 
from 15 Hay to 21 August, 1979 on an upland black spruce cutover 90 to north of 
Thunder Bay, Ontario. The weekly mean maximum and weekly mean temperatures were 
averaged, as were the weekly mean and weekly nean minimum, and the growth cham 

ber was set at each of those two temperatures for 12 hours per day. Temperature 
settings were adjusted weekly to correspond with these data (Table 5). 

Table 5. Growth chanber tarperatures used in E>j)eriirent 4. 

Vfeek number 

12 3 4 5 6 7 10 11 12 13 14 

High 

'0 « 15 15 21 15 18 22 22 22 20 17 16 15 

^ 5 7 7 9 13 8 12 14 16 15 14 13 10 11 

Priming again resulted in faster, more vigorous germination but did not in 
fluence germination capacity or uniformity (Tables 6 and 7) . In the growth 
chamber, where temperatures approximated field conditions more closely, T50 was 
decreased by 10 days. This compares with a decrease of 12 days for the same 
treatment at 10°C (Experiment 1). The seedlings which developed from primed 
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Table 6. Experiment 4: Effect of priming on T50 (days) of Bsefllot S in orowth 
chanter (varied temperatures) and greenhouse environments. 

Location 

Untreated 

Primed seed seed 

~~~' ' ~~ ~ i, s 24. ?4 
Growth chamber ii.ac 

c q- 8.3b 
Greenhouse D-tta 

There is no significant difference (P = 0.05) between values with the sane 

lower case letter-

Table 7. Experiment 4: Effect of priming on peak values of seedlot A in growth 
chamber (varied temperatures) and crreenhouse environments-

location 

Untreated 

Prined seed seed 

Growth chamber 2-6b 1'7a 

,-. 7 ?d 5.0c 
Greenhouse ' ■i(J 

There is no significant difference (P = 0.05) between values with the sane lover 

case letter. 

seed shed their seedcoats sooner and developed primary needles earlier (by 9 and 

3 days in the growth chamber and greenhouse, respectively). However, at the end 

of 14 weeks in the mrowth chamber they did not exhibit sionificant increases in 

height or dry weight over seedlings that developed from untreated seed. As 

before, there were large variations in size among seedlings of the same repli 

cate and between replicates of the sane treatment. 

Experiment 5. Storage of Primed Seed 

While priming holds considerable promise for improving germination rates 

when seed is sown immediately after treatment, in many instances treated seed 

must he stored before sowina- Storage of primed agricultural and horticultural 

seed may partially negate many of the advantages of priming (Heydecker and 

Wainwright 1976, Bodsworth and Rewley 1981). To determine the effects of stor 

age on primed black spruce seed, an experiment was conducted using fcWs seedlots 

(seedlots B and E), two priming treatments (-1000 kPa, 10°C, 21 days; and -1250 

kPa, 15°C, 14 days), two storage treatments, and storage periods of 0, 7, 14, 28 

and 56 days. Followina priming, seeds were rinsed, air-dried at room tempera 

ture for 24 hours and then placed in a vacuum desiccator to reduce moisture con 

tent to approximately 6%. Half the treated seed was then stored at 0.5°C in 
sealed containers (Wang 1974)', while the other half, together with an untreated 

control, was left uncovered on a laboratory shelf at room temperature. 
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? T ^ n° effect on conation capacity 

M. il^^T Se °f the fcXir ^trent-seedlot combina-
eft -f- <■ rOOP1 ,tenperature for 56 *** «* fron one of the combinations 
left at room tenperature for 28 days, suffered significant reductions in genrdn-

unt^rr1^ ̂  TC ̂ ^^ 8)- ^ C°ntraSt' the ^nation capacity S^h 
untreated and cool-stored, treated seed was not significantly affected by 

There was a gradual decline in carminative speed at 10°C Kith increase 
duration of storage at (.W, and a .rarked decline with storac* at room tempera-
tare (Table 9). At 21=C ^rn-ination temperature, similar trends occurreTLt 
^re less mrked. Etoraoa of untreated seed at room tenperature for up to 28 
days had no effect on germinative speed, but 56-day storage soimtimes resulted 
in a significant decline. 

Table 8. Experiment 5: Effect of storage of pri^d seed from seedlots B and K 
on germination capacity at 10"C germination temperature. 

There is no significant difference (P - 0.05) between values with the sane lower 
case letter in any given column for each seedlot. 
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The germinative vigor (peak values) (Table 10) and uniformity of germina 

tion of primed seed stored at 0.5°C slowly decreased over time, while that of 

primed seed stored at room temperature declined markedly. In general, similar 

trends were apparent at germination temperatures of 10°C and 21'C, but differ 

ences were most marked at 10"C. Storage of untreated seeds at room temperature 

for up to 56 days had no significant effect on germinative vigor or uniformity 

of germination. 

Table 9. Experiment 5: Effect of storage of primed seed from seedlots B and E 

on 150 (days) at 10°C germination temperature. 

There is no significant difference (P - 0.05) between values with the same lower 

case letter in any given column for each seedlot. 
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Table 10. Experiment 5: Effect of storaqe of primed seed from seedlots B and E 
on peak values at 10°C cermination temperature. 

There is no significant difference (P = 0.05) between values with the sane lower 
lower case letter in any qiven column for each seedlot. 

Over all, treated seed stored at 0.5°C and 6% roisture content for up to 56 

days showed no decline in viability or uniformity of germination, and retained 
better carminative speed and vigor than untreated seed. However, priired seed 
stored at roar, temperature and ambient moisture showed a marked decline in vi 

ability after 28 to 56 days' storage, particularly at 10°C germination tempera 
ture. As Mail, the speed, vicor and uniformity of termination of this seed were 
little better, and on some occasions poorer, than that of untreated seed. 
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DISCUSSION AND CONCLUSIONS 

Results of these trials indicate that osmotic priming can improve the 

speed, vigor, and sometimes the uniformity of black spruce gemination. At 
Sst t^rLning treatments (-1250 kPa, 20*C, U days; and -1250 kPa 15 C, 21 
days) can increase T50 by 14 days at 10°C, by 3 days at 21°C, and by 5 dayS at 
32°C Under greenho.se conditions improvements m germinative speed led to com-
^nsurate reductions in the time required (from sowing) for seedlings to develop 

primary needles. 

Osmotic priming had no significant effect on germinative capacity. Virtu 
ally all sound seed from each seedlot germinated and grew normally, regardless 

of treatment. Jackson (1962) and Leshem (1966) found that low molecular weight 
PEG formulations are toxic to seedling root development in aqueous solutions. 

There is, however, no evidence that priming with high molecular weight PEG solu 
tions, as in the present studies, reduces seed vitality or seedling development. 

With osmotic priming maximum improvements in germination are obtained by 
allowing the seed to progress as far through the initial stages of germination 
as possible without permitting radicle emergence (Heydecker et al. 1974). How 

ever, small errors in priming procedures with the best treatments (solute con 

centrations too low, imbibition temperatures too high and/or imbibition tunes 

too long) may result in radicle emergence during treatment. Optimum priming 
treatments also vary somewhat for different seedlots. h treatment that produces 

the greatest gains with one seedlot my result in premature germination with 
another. For large-scale application one might compromise by selecting treat 

ments that produce substantial improvements in germinative speed and vigor, and 

can safely be employed with a wide variety of seedlots. Such treatments are 

unlikely to improve the uniformity of germination. 

Osmotic priming is merely a refined method of soaking seed whereby the pro 

gression of germination is more closely controlled. Cold soaking of black 

spruce seed in water alone will increase the rate of germination (Rudolf 1950). 

The effect is probably comparable to that obtained with the weakest solute con 

centration in Experiment 1. The results of Experiment 1 suggest that, through 

osmotic priming, faster, more vigorous and more uniform germination can be 

achieved. The advantage of priming over soaking in water is that seeds can be 

soaked longer at given temperatures, without permitting radicle emergence. 

Osmotic priming appears to offer the greatest potential benefits in condi 

tions under which prompt germination at low temperatures is an asset. This is 
likely the case on boreal upland sites where cool spring temperatures are fol 

lowed by periods of drought, and on lowland sites where cold temperatures limit 

seed germination and seedling growth (Kenety 1917). Other factors being equal, 

seedlings which germinate earlier should be capable of producing larger, more 

extensive root systems the first year, and thus have a greater capacity to with 

stand drought, frost heaving and competition from other vegetation. Larson 

(1963) found significant differences in first-year growth among ponderosa pine 

(Pinus ponderosa Laws. ) that germinated as little as a week apart. Those that 

germinated earlier had larger, deeper, heavier root systems. The importance of 
prompt, early germination to' first-year growth has also been pointed out by 

Sweet and Wareing (1966), although early germination may increase the risk of 

late spring frost damage to new germinates. 
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SHE£H 
the effects of unproved gemination rates. However, in nurseries and 

cutovers where conditions for germination, growth and survival are ^ 

During the present experiments primed seeds were air dried 24 hours before 
sewing or storage. Research with agricultural species has shown that 

t7 T* benefiil fft f t7 obT d h ^on 
mk ^ ? SCWing ™diately ^t^ treatment (Heydecker and Wainwright 
1976, Bodsworth and Bewley 1981). Consequently, greater increases in germina-
tivespeed and vigor than those reported herein can likely be obtained if primed 
black spruce seed Is sown immediately after rinsing. However, handling will be 
more difficult because the seedcoats of imbibed seed are relatively soft, and 
offer the embryo less protection. Primed, air-dried seed can likely be handled, 
treated and sown in the same fashion and with the same equipment as untreated 

Storage is another consideration. It is apparent that the vigor, speed and 
uniformity of germination of primed seeds declines with storage-gradually when 
they are stored at 0.5°C and 6% moisture content, and fairly rapidly when they 
are left at room temperature and humidity. Seeds shculd be sown as soon as 

possible after treatment. When storage is necessary it should be at low temper 
atures and moisture contents. 

It may be possible to store treated seed safely for longer periods by in 

corporating protectants against pathogens into the seed during priming. Like 
wise, additives such as growth regulators could be incorporated in the osmoticum 

to promote even better germination and/or seedling growth and development (Khan 
et al. 1981). 

For large-scale applications, seeds can be primed in aerated aqueous solu 

tions (aerobic conditions are necessary) of the required solute concentration 
(Darby and Salter 1976). Precautions should be taken to ensure that solute 
water potentials do not increase during treatment through evaporation, and soak 

ing times may need adjustment because seed can imbibe water faster when com 
pletely immersed. 

Light is also required during treatment. Priming black spruce seeds in 
darkness had virtually no effect on germination characteristics. Similar re 
sults have been reported for certain crop and weed species (Khan and Karssen 

1980, Khan et al. 1981). Apparently secondary dormancy can be induced in seeds 
of some species (those under phytochroms control) which normally germinate in 

the dark, by prolonged dark treatment under conditions that prevent or limit 
germination (Khan et al. 1981). 
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Osmotic priming should not be employed indiscriminately with seed of other 

tree species. It has been used successfully with Scots pine (Pinus sylvestris 

L.) (Simak 1976), but has failed to enhance substantially the germination of 

Norway spruce fPicea abies [L. ] Karst. ), sitka spruce (Picea sitchensis [Bong.] 

Carr.} or lodgepole pine (Pinus contorta Dougl.) (Anon. 1978). Trials with 

white spruce {Picea glauca [Moench] Voss) are currently being carried out by 

B.S.P. Wang at the Petawawa National Forestry Institute. 

In conclusion: 

1) Osmotic priming increased the speed, vigor, and in some cases the uniformity 

of black spruce germination. The largest gains ware obtained with germina 

tion at low temperatures. 

2) Under the conditions tested, priming had no deleterious effects on germina 

tion capacity or first-year seedling growth. 

(3) Primed seed was dried back and stored at 0.5°C for up to 56 days without a 

reduction in germinative capacity and with relatively little deterioration 

in germinative speed and vigor. However/ the germination characteristics of 

treated seed stored at room temperature and ambient moisture deteriorated 

with storage. The germinative speed, vigor and capacity of seed stored in 

this fashion for 56 days were no better, and in some cases were poorer, than 

those of untreated seed. 

4) Variations in the inherent growth potential (as a result of seed weight, 

genetics, etc-) of seeds from bulk, mass-collected seedlots overshadowed the 

effects of priming on first-year seedling growth in the greenhouse and 

growth chamber. 
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M>PENDIX 



Tahle AI . Experiment 1: Effect of priirina treatment or. T50 (days) of 

seedlot A at 10°C germination temperature. 

a X indicates that at least 10% of the seeds split durina primina; con 

sequently, termination tests wre not conducted. 

There is no significant difference (P * 0.05) betwaen values with the 

sane lower case letter. 



Table A2, Experirrent It Effect of primina treatrent on T50 (days) of 

seedlot A at 21°C germination tenperature. 

Imbibition Imbibition 

tirre temperature 

(days) {°C ) 

3 10 

15 

20 

7 10 

15 

20 

14 10 

15 

20 

21 10 

15 

20 

Untreated seed—6.Oqh 

a X indicates that at least 10% of the seeds split during priming; con 

sequently, germination tests were not conducted. 

There is no significant difference (P = 0.05) between values with the 

sane lower case letter. 



Table A3. Experiment 1: Effect of priming treatment on T50 (days) of seedlot A 

at 32°C germination temperature. 

3 X indicates that at least 10% of the seeds split during priming; consequent 

ly, germination tests were not conducted. 

There is no significant difference (P = 0.05) between values with the sane lower 

case letter. 



Table A4. Experirent 1: Effect of priminn treatment on peak values of 

seedlot A at 10°C germination terrperature. 

Untreated seed—3.60a-c 

a X indicates that at least 10% of the seeds split during priming; con 

sequently, germination tests were not conducted. 

There is no significant difference (P = 0.05) betwsen values with the 

same lower case letter. 



Table A5. E>q3eriroent 1l Effect of priming treatment on peak values of 

seedlot A at 21°C germination temperature-

Imbibition Imbibition 

time temperature 

(days) (°C) 

3 10 

15 

20 

7 10 

15 

20 

14 10 

15 

20 

21 10 

15 

20 

Untreated seed—13.75a 

a X indicates that at least 10% of the seeds split during priming; con 

sequently, germination tests were not conducted. 

There is no significant difference (P = 0.05) betwsen values with the 

same lower case letter. 



Table ft6. Experiment 1: Effect of priming treatment on peak valuefe of 

seedlot A at 32QC germination temperature. 

a X indicates that at least 10% of the seeds split during priminq; con 

sequently, germination tests ware not conducted. 

There is no significant difference (P = 0.05) between values with the 

same lower case letter. 



Table A7. Experiment 1: Effect of primino treatment on uniformity of 

effective germination (days) of seedlot A at 10°C germination 

temperature. 

a X indicates that at least 10% of the seeds split during priming; con 

sequently, germination tests were not conducted. 

There is no significant difference (P = 0.05) between values with the 

same lover case letter. 



Table A8. Experiment 1: Effect of priming treatment on uniformity of 

effective germination (days) of seedlot A at 21°C germination 

temperature. 

a X indicates that at least 10% of the seeds split during priming; con 

sequently, germination tests were not conducted. 

There is no significant difference (P = 0.05) between values with the 

sane lower case letter. 



Table ft9. Fxperiment 1: Effect of priming treatment on uniformity of 

effective germination (days) of seetflot A at 32°C germination 

temperature. 

Untreated seed—5.8h 

a X indicates that at least 10% of the seeds split during priming; con-

seauently, crermination tests were not conducted. 

There is no significant difference (P = 0.05} between values with the 

same lower case letter. 



Table MO. Experiment 3: Effect of priming treatment on T50 (days) of seed-

lot A in arowth chamber (20°C) and greenhouse environirents. 

There is no significant difference at the 5% level between values with the 

sane lower case letter in the same 

Table A11. Experiment 3: Effect of primina treatment on peak values of 

A in arowth chamber (20°C) an.1 qreenhouse environrents. 

Treatment number 

Germination -_ — _____ 

location medium 3 6 S seed 

Growth chamber Peat-vermiculite 7.2b 7.7c 7.1b 4.5a 

Growth chamber Petri Wishes 16.1b 16.9b 16.6b 7.9a 

Greenhouse Peat-vermiculite 7.7b 7.6b 8.0c 5.2a 

There is no significant difference at the 5?, level between values with the 

same lower case letter in the same row. 
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