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ifolius, allowing for its increased marketing as an insect-
resistant species for landscape use.
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Pre-forcing Treatments Influence Bud Break and Shoot
Elongation in Forced Woody Species'
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Abstract

Experiments were conducted to evaluate the feasibility of pre-forcing treatments for the release of bud dormancy of dormant stems
of lilac, privet and Vanhoutte spirea. The new softwood growth of these dormant stems was used either as explants for in vitro
culture or as cuttings for rooting studies of woody plant species in the off-season. A pre-forcing 15% bleach solution (0.78%
NaOCl) soak hastened bud break, enhanced percentage of bud break, and promoted shoot elongation. Pre-forcing wetting agent
treatments produced similar results to those of the bleach soak with variation among wetting agents and plant species. Smaller
treatment differences were observed in the forcing characteristics when stems were collected later in the winter, probably because
the cold requirement of the buds had been completely or partially met. This technique will provide explants for in vitro culture and
softwood cuttings for propagation of woody plants over an extended period.

Index words: pre-forcing, forcing solution, woody plants, dormancy, bud break, shoot elongation

Species used in this study: common lilac (Svringa vulgaris L.); privet (Ligustrum vulgare L.); Vanhoutte spirea (Spiraea X

Significance to the Nursery Industry

Pre-forcing techniques described herein enable growers
to produce new softwood growth from dormant stems of
woody plant species in the off-season. This new growth can
be used either as cuttings for rooting, or as explant materials
for micropropagation. The technique also reduces the need
for valuable greenhouse space to house stock plants, since
stems to be forced can be collected in the fall and held in
cold storage until needed for forcing.
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Introduction

Softwood shoots are the best explant source for woody
plant tissue culture (8). However, the season to obtain such
new softwood growth for in vitro culture and rooting pro-
pagules is relatively short. Furthermore field-collected ma-
terials used as explant sources frequently have a high
contamination rate. Commercial bleach solutions and wet-
ting agent(s) have been used for many years by tissue cul-
turists for surface disinfestation. However, there are no reports
in the literature of attempts to use pre-forcing bleach soaks
before forcing the tissues of woody plant species.

In our research, pre-forcing soaks were employed to dis-
infest the dormant woody stems before putting them into
the forcing solutions to provide cleaner softwood tissues for
in vitro culture and the rooting of softwood cuttings. The
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enhanced forcing response of stems collected in late fall and
early winter has facilitated the progress of woody plant tissue
culture and rooting studies (5, 8, 9). The objectives of this
project were to evaluate responses of cut dormant woody
stems to a pre-forcing bleach treatment, and to compare
effects of different wetting agents on bud break and shoot
elongation.

Materials and Methods

Stems of dormant lilac, privet and Vanhoutte spirea, 20
to 25 cm (8 to 10 in) in length, were collected at the Uni-
versity of Nebraska-Lincoln from October to December,
1987 and 1988. The basal third of each stem was subjected
to a soak at 23°C (73°F) for 15 minutes in either 15%
commercial bleach solution (0.78% NaOCI) plus 20 drops
Tween-20 per liter (34 oz), or water soak and then forced
in 330 ml (11 oz) forcing solution of 200 mg (0.00705 oz)
8-hydroxyquinoline citrate (8-HQC) per liter (34 oz) and
2% sucrose. In another experiment, the basal one third of
each stem was soaked with the following wetting agent
solutions for 15 minutes, followed by a rinse of distilled
water for 3 to 4 minutes before putting them into the forcing
solutions. All wetting agents, Tween 20, Trydet 20, Poe
nonyl phenol, aqua-gro and ACA 160, were used at 20 drops
per liter (34 oz) of water or 15% bleach solution.

Immediately following these treatments, the basal ends
of the stems were then freshly cut and immersed into our
standard forcing solutions for 10 days (3, 4, 6), which are
similar to those used in the floriculture industry to enhance
cut flower longevity (1, 2, 7). Forcing solutions employed
were combinations of 200 mg (0.00705 oz) 8-hydroxyqui-
noline citrate (8-HQC) per liter (34 0z) and 2% sucrose with
or without 10 mg (0.00035 oz) gibberellic acid (GA;) per
liter (34 oz).

The stems and the solutions (330 ml, 11 oz) were held
at 23°C (73°F) under 16 hours of light per day provided by
cool white fluorescent tubes at 12.8 + 4.8 umol sec™'m ™2,
The stems were re-cut and the solutions completely replaced
every 3 to 4 days. The experiment was a completely random
design (CRD) with 12 single-stem replications for each treat-
ment. Percent bud break (total buds per stem), days to bud
break and length of shoots were recorded 10 days after the
dormant stems were soaked in the solutions. Analysis of
variance techniques were performed and treatment means
exhibiting significant differences were separated by Dun-
can’s multiple range test.

Results and Discussion

Buds of stems soaked in 15% bleach solutions broke 2
to 3 days earlier than those on non-soaked stems (Table 1).
Bleach soak increased the percentage of bud break by up
to 20% when compared with the no-soak control. Elongation

of new softwood growth for the bleach treated stems was
3.0 mm (0.12 inches) greater than the stems of the no-soak
control (Table 1).

The effects of a pre-forcing soak on dormancy release
varied with plant species, e.g. lilac, privet, spirea. Differ-
ences between bleach soak and the water soak control were
statistically significant for days to bud break, percent bud
break and shoot elongation (Table 1). For Vanhoutte spirea,
the water soak treatment resulted in fewer days to bud break,
and a greater percentage of bud break than the bleach soak
treatment. This was possibly because of tissue damage from
the bleach solution or winter damage because of the thinner
bud scales. Bleach soak treatments also kept stems clean in
the forcing solutions. This response was typical of solutions
containing bleach.

Percentage bud break was increased by the pre-forcing
wetting agent treatments, with variation observed among
the different wetting agents and species (Table 2). The best
treatments when using water were Tween-20 or Poe Nonyl
Phenol; when using wetting agents combined with 15%
bleach solution, the best treatments were Tween-20 or ACA
160 for spirea; For privet, the best treatments were Tween-
20 or ACA 160 plus water, or Tween-20 or Trydet 20 plus
15% bleach solution, while for lilac, Tween-20 or Aqua-
gro plus water, or ACA 160 plus 15% bleach solution were
found to be most successful (Table 2). Some wetting agents
appeared to reduce percent bud break for privet, but data
were not statistically different. The wetting agent may have
enhanced contact by bleach solution to sensitive plant ma-
terials.

Bud break of Vanhoutte spirea was hastened on stems
soaked with water plus some of the wetting agents, breaking
1 to 2 days earlier than those on stems soaked with water
alone. However, except for Aqua-gro, a pre-forcing soak
with 15% clorox bleach solution plus wetting agents delayed
bud break. This is consistent with data obtained in 1987
(Table 1). The best wetting agents for accelerating bud break
were Tween-20, Trydet 20, or ACA 160 plus water, or
Aqua-gro plus 15% bleach solution.

Elongation of new softwood growth was also enhanced
for privet when soaked with 15% bleach solution plus wet-
ting agents (Table 3). For lilac, increases and decreases in
elongation were observed among the different wetting agents
relative to controls. The effects of pre-forcing soaks with
bleach solution alone or with different treatments of wetting
agents on bud break and shoot elongation were diminished
when the stems to be forced were collected in late January
and early February (data not shown). The cold requirement
of these stems was probably partially or completely met
(5,9).

The mechanism by which bleach and wetting agent treat-
ments enhance bud break is not clear. It may be that the
pre-forcing treatment with bleach solution or with different

Table 1. Effects of a pre-forcing bleach soak on days to bud break, % bud break and shoot elongation of forced woody stems.

Days to bud break

Bud break (%) Shoot length (mm)

Plant species Bleach soak Water soak Bleach soak Water soak Bleach soak Water soak
Lilac 3.5b* 59a 82.9 a 21.5a 18.5b
Privet 56b 7.7 a 12.0b 17.3 a 8.6b
Spirea 48a 35b 81.2 a 7.9 a 6.1b

*Means within rows followed by the same letter are not significantly different at the 0.05 level (Duncan’s multiple range test).
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Table 2. Effect of a pre-forcing soak on % bud break of woody stems forced for 10 days (December, 1988).

Bud break (%)

Wetting agent” Lilac Privet Spiraea
Water alone (Water control) 19.3 ¢¥ 354c¢ 60.0 ¢
Tween 20 + Water 60.2 a 56.6 b 90.9 a
Trydet 20 + Water 38.1b 348 ¢ 60.2 ¢
Poe nonyl phenol + Water 39.4b 374 c¢ 86.5 ab
Aqua-gro + Water 57.4 a 357 ¢ 72.5b
Aca 160 + Water 20.0 ¢ 67.5 a 799 b
Bleach solution (15%) alone (Bleach control) 349 ¢ 51.1¢ 62.6 ¢
Tween 20 + Bleach solution (15%) 44.0b 749 a 89.1 a
Trydet 20 + Bleach solution (15%) 445b 65.4b 71.7b
Poe nonyl phenol + Bleach solution (15%) 35.1 ¢ 48.7 ¢ 72.4b
Aqua-gro + Bleach solution (15%) 375¢ 56.7 be 783 b
Aca 160 + Bleach solution (15%) 573 a 60.2b 89.7 a

All wetting agents added at 20 drops per liter (34 0z) of water or bleach solution.

¥ Statistical comparisons in vertical columns applied within species for water or bleach treatments only (e.g. compare treatments | through 6 for lilac).

Means followed by the same letter are not significantly different at the 0.05 level (Duncan’s multiple range test).

Table 3. Effects of a pre-forcing soak on shoot elongation of new
softwood growth from woody stems forced for 10 days
(December, 1988).

Shoot length (mm)

Wetting agent” Lilac Privet
Water alone (Water control) 17.0 ¢¥ 6.0b
Tween 20 + Water 21.2a 7.8 a
Trydet 20 + Water 18.6 b 6.7b
Poe nonyl phenol + Water 189 b 59b
Aqua-gro + Water 15.6 ¢ 56b
Aca 160 + Water 18.8 b 6.0b
Bleach solution (15%) alone (Bleach control) 19.4 b 6.1b
Tween 20 + Bleach solution (15%) 2.1 a 8.0a
Trdet 20 + Bleach solution (15%) 20.0b 8.1a
Poe nonyl phenol + Bleach solution (15%) 185D 82a
Aqua-gro + Bleach solution (15%) 16.1 ¢ 7.2 ab
Aca 160 + Bleach solution (15%) 234 a 68b

“All wetting agents added at 20 drops/l of water or bleach solution.
*Statistical comparisons in vertical columns applied within species for
water or bleach treatments only (e.g. compare treatments | through 6 for
lilac).

Means followed by the same letter are not significantly different at the
0.05 level (Duncan’s multiple range test).

wetting agents prevented physiological blockage of vascular
tissues, thus allowing continuous uptake of water and nu-
trients. This may then stimulate cellular activities.
Pre-forcing soaks with bleach solution or with an appro-
priate wetting agent promoted the release of bud dormancy
and enhanced shoot elongation of forced woody stems col-
lected in late fall and early winter. This technique provided
more softwood material in a relatively short period of time
for stems collected and forced in late fall and early winter,
therefore expediting research progress. Use of this forcing
solution approach can also save valuable greenhouse space,
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reducing or eliminating the need to keep stock plants for in
vitro studies and rooting of softwood cuttings in the off-
season. Commercial nursery growers can use these forcing
solution techniques to produce softwood growth which can
be used as explants for in vitro propagation, or as cuttings
for rooting, in order to reduce costs and speed up propa-
gation. Initial pre-forcing treatments with bleach and/or wet-
ting agents such as Tween-20, Trydet 20, or ACA 160 are
recommended.
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