
Table 2 . Effectiveness of different temp in stimulating growth of excised ‘Spartan Banner’ onion shoots after 96 hr of exposure. Shoots planted in moist sand in dark at 20°C for 96 hr after temp treatment.
Growth {% of initial length)2

Expt. Control 0
Temperature °C 5.0 7.5 12.5 20.0

1 27.2a2 14.3a 49.3b 62.5c 40.2b 67.3c42.0b 22.4a19.3a
zMean separation by Duncan’s multiple range test, 5% level.

Table 3. Induction of secondary dormancy in ‘Spartan Banner’ onion shoots by high temp (30° C) and its reversal by subsequent low temp treatments (10°).
Temp treatment10 ° 200 3QO i 0 o

(Hr at indicated sequence of temp)
Growth (% increase over initial length) 

Expt.z1 2 3

96
C ontrol — n o t chilled 2 0 .1 5 a

3 9 .7 8 b
2 0 .3 5 a
4 4 .9 2 b

2 4 .2 3 a
4 5 .4 9 b c

96 - 24 - 16 .2 5a - -

96 24 — 5 5 .2 0 c - —

96 — 24 48 - 3 8 .4 7 b -

— 96 — — — — 1 8 .3 6a
4 8 — - - - — 3 9 .1 5 b
4 8 24 - 4 8 - - 5 1 .2 7 c

zMean separation within experiments by Duncan’s multiple range test, 5% level.
increases the level of growth inhibitors 
in the tissue. This response to high temp 
of excised onion shoots is similar to 
effects of high temp on peach bud dor­
mancy (2, 10, 11) and lettuce seed 
dormancy (9) often referred to as 
“secondary” dormancy. The promotive 
effect of 30° could be reversed by 
following the 30° treatment with 
another 10° treatment. Exposure of the 
excised apices to 20° following the low 
temp treatment was promotive (Table
3). These results are similar to those of 
Boswell (4) who showed that alternating

0° and 10° caused more rapid sprouting 
of intact onions than continuous storage 
at either 0° or 10°. Borden (3) also 
found that alternating temp promoted 
germination of dormant Eucalyptus 
pauciflora seeds and Erez and Lavee (5) 
found similar results in releasing of 
peach buds from dormancy.

Because of the similarity in response 
of excised onion shoots and intact bulbs 
to temp, we conclude that the excised 
shoot system may be used to provide 
further information concerning onion 
rest and dormancy.
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Effects o f Cold Storage Duration on Bud 
Dormancy and Root Regeneration of White
Ash {Fraxinus americana L.) Seedlings1
D. Paul Webb2
Department o f  the Environment, Canadian Forestry Service, P.O. Box 
490, Sault Ste. Marie, Ontario P6A 5M7, Canada
Additional index words, regeneration, potential, rest
Abstract. Root regeneration and time to first budbreak of two-year white ash {Fraxinus ameri­
cana L.) seedlings were strongly correlated with the number of hours of chilling. Physiological dormancy of the buds was removed after approx 2500 hours of storage at 5°C and this coin­cided with the beginning of increased root regeneration potential. Increased periods of chilling enhanced the rate at which growth was resumed after transfer of seedlings to environmental conditions adequate for growth. The present study indicates that fall-harvested white ash seedlings can be stored at 5° at least until May without any apparent detrimental effects on root regeneration potential or seedling condition.

1 Received for publication September 4, 1975.
2 Plant physiologist, Great Lakes Forest Research Centre. The author wishes to acknowledge the technical assistance of Mr. D. Maries and Mr. F. Livesey.

Successful establishment and growth 
of a transplanted seedling are dependent 
on its ability to initiate and develop 
new roots rapidly at time of planting 
(12). Root regeneration capacity has 
been used as a measure for assessing

effects of various cultural and storage 
techniques on the physiological condi­
tion of nursery stock and is correlated 
with field survival and ease of trans­
planting (4, 6, 11, 12).

Unlike buds of temperate zone 
hardwoods, which show a period of 
dormancy or rest that can be removed 
by chilling (14), roots do not appear 
to exhibit a period of innate dormancy 
(9, 13). Root growth appears to be 
dependent on environmental parameters 
such as soil temperature, especially 
during spring and fall (7, 8). However, 
the endogenous control of root initia­
tion in hardwoods apparently resides 
in the shoot (2, 5, 9). According to 
Richardson (9), silver maple {Acer 
saccharinum  L.) seedlings require a 
physiologically nondormant bud to pro­
duce and export growth factors neces­
sary for root initiation. Thus, in this 
species, root initiation is dependent on 
the state of dormancy of the buds 
which, in turn, is dependent on the 
amount of chilling received as the 
plant overwinters.
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Artificial chilling or cold storage of 
nursery stock is commonly practised 
by many nurseries to insure availabil­
ity for planting in the spring and to 
extend the planting season beyond the 
normal harvesting period. However, 
much of the work to date has involved 
conifer seedlings that differ from hard­
woods in their control of root regenera­
tion (2, 9).

The present paper outlines the ef­
fects of cold storage on bud dormancy 
and root regeneration of white ash 
seedlings.

Two-year white ash seedlings were 
obtained from the Ontario Ministry of 
Natural Resources, St. Williams Nursery, 
St. Williams, Ontario in the spring of 
1973. The seedlings were planted into 
transplant beds on St. Joseph Island 
approx 50 km (30 miles) SE of Sault 
Ste. Marie, Ontario on April 28, 1973. 
No nutritional treatments were applied. 
The seedlings were harvested on Oct. 
27 and placed in 5°C storage and 
approx 65% relative humidity. At 
time of harvesting all seedlings had 
abscissed their leaves and were dormant. 
They were stored in the dark with 
their roots surrounded by damp peat 
moss. At monthly intervals from Nov. 
1, 1973 to May 1, 1974, 12 seedlings 
were removed from cold storage, 
examined for new white lateral roots 
and placed in 20-cm (8-inch) pots in 
a sterilized mixture of 2 soil: 1 sand:2 
peat (v/v) in the greenhouse under 
extended 16-hr photoperiods obtained 
with Sylvania GroLux WS fluorescent 
tubes. Greenhouse temp were maintained 
at approx 18° (night) and 28° (day).

After 30 days, the seedlings were 
removed from the pots and the soil 
was carefully washed from the roots 
with water to minimize damage. The 
new white lateral roots produced during 
this period were counted and the 
plants were repotted. The time required 
for first budbreak was also recorded. 
Seedlings planted on Nov. 1 remained 
in the greenhouse throughout the exper­
iment and were the unchilled controls. 
Seedlings were considered to have 
broken physiological dormancy or rest 
when all seedlings lifted at a particular 
sampling time broke bud within a 3- 
week period.

The data were subjected to linear 
regression and in the case of the root 
regeneration data after a loge trans­
formation.

All seedlings remained healthy in 
storage at 5°C and no detrimental 
fungal growth was observed. No bud or 
root growth was noted in storage at 
any of the sampling dates.

Only 58.3% of the seedlings removed 
from storage on Nov. 1, 1973 and hence 
exposed to only a short period of 
chilling in storage and in the nursery 
prior to harvesting broke bud after 220 
days in the greenhouse environment.

With chilling, a greater proportion of 
the seedlings broke dormancy, 83.3% in 
Dec. and 100% from Jan. to May.

The time required for first budbreak 
is shown in Fig. 1. A strong negative 
correlation (r = —0.98 at P = 0.005) 
was found between the time required 
for first budbreak and the hours of 
chilling in storage at 5°C. Approx 
2500 hr of chilling at 5° were required 
for removal of physiological dormancy.

Increased no. of new white roots 
initiated during the 30-day growth 
period in the greenhouse were observed 
with increased periods of storage at 
5°C (Fig. 2). During Dec. and Jan., 
low root regeneration potentials were 
obtained. These potentials increased 
rapidly beginning in Feb. and reached 
their highest levels in April and May. 
There was a strong positive correlation 
(r = 0.96 at P = 0.005) between the 
no. of new white roots initiated and 
hours of chilling at 5°.

Since both root regeneration poten­
tial and time to first budbreak were 
strongly correlated with the no. of 
hours of chilling at 5°C, it is possible 
that they themselves were correlated. 
An examination revealed a strong

TIME OF LIFTING

Fig. 1 . The mean number of days required for first budbreak in seedlings brought into the greenhouse after various periods of storage at 5 C. Figures on histograms represent one standard error.

Fig. 2. Mean number of new white lateral roots per seedling brought into the green­house after various periods of storage at 5 C ± one standard error.

negative correlation (r = —0.98 at 
P = 0.005) between root regeneration 
potential and time required for first 
budbreak.

Correlations similar to the above 
have been obtained with other hard­
wood species, notably sugar maple 
(Acer saccharum Marsh.) and silver 
maple (Webb, unpublished data).

Cold storage of dormant, fall-lifted 
white ash seedlings appears useful 
as a method for storing nursery stock 
to be transplanted in the spring. Unlike 
other hardwoods, such as sugar maple 
and silver maple, that show bud swelling 
and new root formation in storage at 
5°C (Webb, unpublished data), and 
hence possible utilization of essential 
food reserves necessary for growth when 
transplanted (3), no shoot or root growth 
was obtained in white ash during stor­
age at 5°. Although physiological dor­
mancy of the buds was removed after 
a short period of chilling prior to lifting 
in the nursery, followed by storage at 5° 
for approx 2500 hr, the seedlings were 
maintained in a state of imposed dor­
mancy during storage until the end of the 
experiment in May. This temp was 
below the minimum requirement for 
growth and was sufficient to inhibit bud 
and shoot growth as well as root 
growth.As expected from previously re­
ported work (10), a strong correlation 
between the time required for bud­
break of white ash and hours of chilling 
at 5°C was obtained. Similarly, results 
of work with sugar maple, yellow birch 
(Betula alleghaniensis Britt.) and balsam 
fir (Abies balsamea [L.] Mill.) demon­
strated a positive correlation between 
length of cold storage and the speed at 
which growth commenced after transfer 
to greenhouse conditions (1).

In the present study a good corre­
lation was also found between hours of 
storage at 5°C and root regeneration 
potential. The phenology of root 
regeneration potential in cold storage 
of white ash seedlings was similar to the 
seasonal pattern of root regeneration 
potential of nursery-harvested pin oak 
(Quercus palustris Muenchh.) and scar­
let oak (Q. coccinea Muenchh.) (6). 
Root regeneration potential increased 
with increasing periods of storage and 
reached a maximum during April and May, a time when physiological dor­
mancy of the buds had been removed. 
Similarly, a strong correlation was also 
found between root regeneration poten­
tial and time to first budbreak. Bud 
dormancy was removed after approx 
2500 hr of chilling and this coincided 
with the beginning of increased root 
regeneration. Unlike root initiation in 
silver maple (9), root regeneration in 
white ash can take place at a time when 
buds are strongly dormant, i.e., in Dec. 
and Jan. These results are similar to 
those found in northern red oak (Q. 
rubra L.) (2) and sugar maple (13).

156 HORTSCIENCE, VOL. 11(2), APRIL, 1976

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-08-31 via O
pen Access. This is an open access article distributed under the C

C
 BY-N

C
-N

D
license (https://creativecom

m
ons.org/licenses/by-nc-nd/4.0/). https://creativecom

m
ons.org/licenses/by-nc-nd/4.0/



Root regeneration potentials usually 
show a peak and then decline with 
increased time in storage or in the 
nursery (6, 11). The highest levels of 
root regeneration in white ash were 
obtained in April and May. Whether 
root regeneration potentials will de­
crease or be maintained at these levels 
with increased storage at 5°C remains to 
be determined. The present work 
demonstrates that increased periods of 
cold storage enhanced the rate at which 
growth of white ash seedlings was 
resumed after transfer to environmental 
conditions adequate for growth and 
that seedlings can be stored at 5° at 
least until May, a time when most 
sites are available for planting, without 
any apparent detrimental effects on 
root regeneration potential and seedling 
condition.
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Growth of Chrysanthemums Fertilized with 
Liquid Sewage Sludge1
M. B. Kirkham and E. R. Emino2 3
Department o f  Plant and Soil Sciences, University o f  Massachusetts, 
Amherst, MA 01002
Additional index words. Chrysanthemum morifolium, inorganic fertilizer, soil, 
sand, peat, flower diameter
Abstract. Chrysanthemum plants (Chrysanthemum morifolium Ramat. cv. Bright Golden Anne) 
were grown for 84 days in plastic pots containing 6 different media treated with inorganic fertilizers or liquid digested sewage sludge at 50, 100, and 200 ml/week. Plants grown in 1 soil: 1 sand: 1 peat, 1 soil: 1 sand, and 1 soil: 1 peat were similar to each other in size, and larger than plants grown in 1 sand:l peat, all sand, or all peat. Peat-grown plants were smallest. Plant size and flower diameter decreased with increasing rates of sludge application. Plants fertilized with inorganic sources of fertilizer looked the same as those grown with 50 ml/week sludge (6 mm), except the sludge-treated plants were shorter and had a smaller dry weight. Plants treated with 50 ml/week sludge had flowers with a diameter and dry weight equal to those of flowers 
grown with liquid or pelletized inorganic fertilizer.

Liquid digested domestic sewage 
sludge has been used to fertilize field 
crops for decades. It is an inexpensive 
fertilizer, often available free from 
sewage treatment plants. In 1965 
sewage sludge was suggested as a good 
fertilizer not only for field plants, but 
also for horticultural and greenhouse 
crops (1). But no experiments had been 
done to prove this. A few years ago, 
Kiplinger3 found that various green-
1 Received for publication Nov. 11, 1975. Paper No. 107 7, Massachusetts Agricultural Experiment Station, University of Massachu­setts, Amherst, Massachusetts 01002. This research was supported by funds from Exper­iment Station Project No. 365.
^Second author’s present address: Horticul­ture Section, Soil and Crop Sciences Depart­ment, Texas A&M University, College Station, Texas 77843. The authors are indebted to 
Yoder Brothers, Inc., Barberton, Ohio, for the plants used in this study.
3Ohio State University, personal communi­cation.

house potted plants could be grown 
with sludge. However, because the 
problem of waste disposal was not 
urgent then, the research was not pub­
lished.

Composted municipal refuse, which 
sometimes is treated with sludge, has 
been used to grow ornamentals (3, 5). 
Only 2 reports (2, 6) appear to have 
been published on the use of sludge, 
without municipal refuse, in greenhouse 
media to grow ornamental plants. In 
these studies, dried sludge was incorpor­
ated into the media before planting. 
Sludge was not applied in the liquid 
form to the growing potted plants.

Chrysanthemum plants (rooted cut­
tings) with 10 cm top growth were 
planted in 10 cm diam plastic pots, 1 
plant per pot, on Dec. 10, 1974 (Day 1). 
Six different media, mixed on a volume 
basis, were tested: 1 soil: 1 sand:l peat; 
1 sand:l peat; 1 soil: 1 sand; 1 soil: 1 
peat; all sand; and all peat. A Hadley

very fine sandy loam (4), sphagnum 
peat moss from New Brunswick, 
Canada, and coarse, builder’s sand were 
used to formulate the media.

Six fertilizer treatments were used 
during a 12-wk period (Table 1). Diges­
ted secondary liquid sewage sludge was 
obtained from the Amherst, Massachu­
setts, Sewage Treatment Plant. (Secon­
dary treatment of wastewater involves 
the screening and settling processes of 
primary treatment plus biological 
activities designed to reduce the quantity 
of suspended and dissolved organic 
solids. Digestion is the process in which 
organic or volatile matter in sludge is 
gasified, liquefied, mineralized, or con­
verted into more stable organic matter, 
through the activities of living organ­
isms.) Fifty ml (or about 6 mm) of 
sludge added weekly to each pot for 12 
wk at 2% solids corresponded to a 
yearly application rate of 15.5 metric 
tons/ha. Weekly additions of water,

Table 1. Fertilizer treatment of ‘Bright Golden Anne’ chrysanthemums.
Treatment Application rate

No sludge or inorganic 100 ml tap water per fertilizer week
A 2600-ppm solution 100 ml per week of an inorganic ferti- (standard amountlizer (20% N, 9% P, added by commer-17% K) cial greenhousegrowers)
Plastic-encapsulated 5 grams per pot,and pelletized inor- mixed in media be-ganic fertilizer (trade fore planting (stan-name: Osmocote; dard amount added14% N, 6% P, 12% K) by growers); pots then received 100 ml tap water per week
Liquid sewage sludge 50 ml per week
Liquid sew age sludge 100 m l per w eek
Liquid sewage sludge 200 ml per week
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