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Abstract.  Effects of three variables (vessel type, closure, and explant orientation) on
microcutting quality were investigated using five woody species [low shadblow, Ame-
fanchier spicata (Lam.) C. Koch (Syn. A. humilus Wieg.); red maple, Acer rubrun L.
‘Red Sunset’; border forsythia, Forsythia xintermedia Zab. ‘Sunrise’; apple, Malus
xdomestica Borkh. ‘Mclntosh’; river birch, Betula nigra L.]. Uniform shoot explants
were oriented vertically or horizontally in three vessel types (60-ml glass culture tubes,
200-ml glass baby food jars, and 350-ml polypropylene GA7 vessels) with and without
a Parafilm seal. Visual density per explant obtained by image analysis was increased
in larger vessdl types, and significantly more shoots were produced from horizontally
placed explants. Closure treatments influenced microshoot quality, but trends were
species specific. Overall, horizontal explant orientation in larger vessels wthout par-
afilm maximized shoot response for most of the species studied. In vitro rooting of
microcuttings was significantly enhanced in larger vessels.

standards.
Plant material. Established, proliferating

Shoot length, proliferation rate, and fresh
weight of micropropagated plants have var-

ied according to culture vessel type (Mackay
and Kitto, 1988; Monette, 1986). Mackay
and Kitto (1988) demonstrated the ratio of
explant number to volume of medium could
cause differences in fresh weight and prolif-
eration rates, and vessel closure treatments
affected culture proliferation rates, shoot yield,
and plant morphology according to other re-
ports (lvanicka, 1987; Webb et al., 1986).
The gaseous atmosphere in vitro, and, con-
sequently, the quality of micropropagated
plants, can be significantly affected by clo-
sure around vessel caps (Lentini et al., 1988).
Explant orientation may modify both the
number and length of proliferated shoots
(Mackay and Kitto, 1988; Sutter and Barker,
1985). This study examines the effects of
vessel type, closure, and explant orientation
on in vitro microshoot development and
rooting capacity for a range of commercialy
micropropagated woody plant genera, using
production methods that parallel commercial
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shoot cultures of Amelanchier, Acer, For-
sythia, Malus, and Betula grown in GA7
vessels (Magenta Corp., Chicago) were used
as explant sources for al experiments. Be-
fore treatment, stock microcultures from the
previous subculture were grown for 4 to 8
weeks. Uniform two- to three-node explants
were taken from cultures; leaves, petioles,
and apical buds were removed. Explants were
»1.0 to 25 cm across, depending on the
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Fig. 1. Effect of vessel type on image density (fresh weight equivalent) of shoot cultures of five

genus. Explants of Amelanchier, Acer, and
Forsythia were subcultured onto a modified
MS sdts medium (Murashige and Skoog,
1962) containing (in um) 1.0 N- (phenyl-
methyl)-1H-purine-6-amine (BA), 0.05 N-
phenyl-N'-1,2,3-thiadiazol-5-ylurea  (TDZ),
and 0.05 1H-indole-3-butyric acid (IBA), with
(in g-liter’) 25 sucrose, 100 myoinositol,
and (in mg-liter’) 5.0 nicotinic acid, 1.0
pyridoxine-HCI, and 0.5 thiamine-HCI (Kerns
and Meyer, 1986). The pH was adjusted to
5.8; 7.0 g Difco bacto agar/liter was added
before autoclaving. Explants of Malus were
subcultured onto a similar medium contain-
ing 8.8 um BA and 0.5 pm 1-naphthalene-
acetic acid (NAA). Explants of Betula were
subcultured onto Woody Plant Medium
(WPM; Lloyd and McCown, 1980) contain-
ing 2.2 um BA. Cultures were maintained
at 22 + 2C under a 24-hr photoperiod of 50
to 60 pmol-s*m~?provided by cool-white
fluorescent lamps.

Physical microenvironmental treatments.
Explants were subcultured into either 350-
ml GA7 polypropylene vessels, 200-ml glass
jars (baby food), or 60-ml glass culture tubes
with medium surface areas of 39.6, 23.2, or
3.7 cm?’, respectively. To maintain uniform
explant : medium ratios, three explants were
grown on 45 ml of medium in GA7 vessels,
two on 30 ml of medium in baby food jars,
and one on 15 ml of medium in culture tubes.
Explants were either oriented vertically or
horizontally on the medium. Vessel closures
were tranducent polypropylene vessel caps
manufactured specifically for the type of
vessel (Magenta). Half of the replicate cul-
tures were sealed with parafilm around the
edge of the vessel and cap, the rest were not
sedled with parafilm.

Malus Forsythia Acer
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woody plant species. The verticd line above each bar represents + 1.0 SE.
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Fig. 2.

Fig. 3. Effect of vessel type on shoot and root length. Mean separation by GLM procedure and Lsb
(t test) within plant species by vessdl type, P = 0.05. Histograms represent shoot and root length

Shoot image density

Root image density
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Effect of vessel type on shoot and root image density (fresh weight eguivalent). Mean sepa-
ration by GLM procedure and Lsp (t test) within plant species by vessel type, P = 0.05. Histograms
represent shoot and root visual density averages of 40 plants.
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Evaluation methods. After a standard
growth period (4 to 6 weeks for Forsythia
and Malus, 6 to 7 weeks for Amelanchier,
Acer, and Betula), data on shoot length and
image density were collected through an ad-
aptation of microcomputerized video image
anadlysis. This imaging technique was spe-
cifically developed for microcultured plant
measurements and has been verified by strong
correlation with destructive measurements of
shoot culture growth (shoot length and fresh
weight) (Smith et a., 1989). Image density
was determined by the number and vaue (gray
level or visual density) of dl pixds (image
points) in the digitized video image of each
sample. The image anaysis technique aso
facilitated evauation of new growth, ex-
cluding any contribution from the origina
explant materia or calus. Visua evauations
and shoot number counts supplemented the
imaging data.

Immediately following evaluation of shoot
proliferation, 20 uniform microcuttings (2.0
to 2.5 cm long) of Acer, Betula, and Malus
from each of the previous treatments were
excise and inserted vertically in culture tubes
containing 20 ml of rooting medium. Clo-
sures for culture tubes used in rooting were
not sealed with parafilm. Cuttings of Malus
and Acer were rooted in half-strength MS
medium containing IBA (7.4 pm for Malus
and 1 pm for Acer). Betula was rooted in
full-strength WPM ‘without growth regula-
tors. Only 15 g sucrose/liter was used in all
rooting media. The relative rooting response
between different treatments was determined
after 2 weeks by image analysis to measure
root length and visua density of the new
adventitious root system.

Proliferation treatments were arranged in
a completely randomized design that in-
cluded 10 replications of each vessal-explant
orientation-closure combination for each of
the five woody species. For vessels contain-
ing more than one explant, data were aver-
aged on a per explant basis before dtatistical
anadysis. Treatment effects were compared
with unpaired t tests and means separated by
LSD and GLM procedures (SAS Ingtitute,
1985).

Influence of vessel type. Image density
(fresh weight equivalent) was significantly
greater for shoot cultures of al test species
grown in the two larger vessels than in the
culture tubes (Fig. 1). Response of shoot
length and shoot number, as a function of
vesse type, varied with individua species
(Table 1). Leaf area increased as vessal-type
growing area increased for al the plant spe-
cies tested. GA7 vessals and baby food jars
not only produced microcuttings of substan-
tidly greater shoot height and image density
per explant than did explants in culture tubes,
but these microcuttings a so rooted better than
those grown in culture tubes, as measured
by root system visual density and root length
(Figs. 2 and 3).

Influence of vessel closure. Plant growth
responses in relaion to the presence of a
parafilm seal around the vessedl cap (mea
sured by shoot length, image density, and
shoot number) were species specific. Vessels
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Fig. 4. Effect of explant orientation on shoot number per explant for five woody plant species. The

vertical line above each bar represents + 1.0 sE.
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Fig. 5. Effect of explant orientation on image density (fresh weight equivalent) for five woody plant
species. The vertical line above each bar represents + 1.0 se.

Table 1. Effect of vessdl type on shoot length and number in proliferating cultures of five woody
plant species.
o Species

Vessel type Amelanchier Betula Malus Forsythia Acer
Shoot length (cm)

GA7 1.2 a* 0.8 a 1.7a 6.2 ab 35a

Baby food jar l4a 0.8 a 1.5ab 5.6b 3.1a

Culture tube 14a 0.7 a 1.4b 6.4 a 2.4b
Shoot no. [explant

GA7 4.1a 2.8a 4.4 ab 29a 2.6b

Baby food jar 2.0b 2.8a 3.7b 3.0a 33a

Culture tube 23b 2.8a 4.6a 2.6a 2.4b

‘Mean separation within columns for shoot length and shoot number by Lsp, P= 0.05. Each value

represents the mean of 40 explants.

sealed with parafilm had higher condensa
tion (due to greater relative humidity), which
led to flaccid and often vitrified shoots for
some species (in particular, Acer and For-
sythia). This occurrence caused a significant
reduction in visua density for shoots in par-
afilm-sedled vessels for both species. Only
shoots of Betula showed evidence of en-
hanced shoot length and density in the high-
humidity environment in vessels sealed with
parafilm.

Influence of explant orientation. Horizon-
tal explant orientation produced the most
shoots per explant (Fig. 4) and maximized
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the image density per explant in most of the
test species (Fig. 5). The rate of shoot ini-
tigtion from explants was favored by hori-
zontal placement for al species. Horizonta
and vertical explants produced shoots of
similar length, with the exception of For-
sythia, which had shorter shoots from ver-
ticaly placed explants.

Conclusion. The most striking factor af-
fecting microshoot quality in these experi-
ments was vessel size. Shoots with sig-
nificantly greater image density and higher
rooting capacity were produced in the two
larger vessels. The tendency of the larger

vessals to lead to production of a shoot with
greater leaf area may be important for many
woody plants, since rooting capacity is gov-
erned, in part, by the concentration of root-
ing cofactors produced in the leaves
(MacDonald, 1986).

Parafilm is often used in commercia pro-
duction, both to reduce the incidence of con-
tamination and prevent premature dehydration
of tissue culture media (Binding and Krum-
biegel-Schroeren, 1984; Thorpe and Patel,
1984). Although Parafilm was not a factor
in preventing contamination for these exper-
iments (minimal contamination occurred), the
presence of the seal favored development of
shoots produced by Betula. The detrimental
effects of parafilm in this study (vitrification
and flaccidity) may be a consequence of both
the higher microculture humidity and inhi-
bition of gaseous exchange (Bottcher et a.,
1988; Lentini et a., 1988; Perl et al., 1988;
Thorpe and Patel, 1984; Webb et d., 1986).

The genera lack of significant treatment
differences for Amelanchier may be due, in
part, to the rosette growth pattern typical for
this species, which obscures growth differ-
ences. The effect of parafilm was not sig-
nificant in most instances, but it becomes
more pronounced after several repeated sub-
cultures under the same closure treatment (data
not presented). This study emphasizes the
effect of microenvironment on in vitro per-
formance of severa species. The reasons for
the vessal effects, in particular, warrant fur-
ther study.
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